
APPENDIX D 

Accelerated Action Ecological Screening Evaluation 

/.. . .  . .  , . . . . . . .  . . . . . .  . .  . . .  ._:. . . . . . . . . . .  , . . . .  . . . . . .  . .  

. .  . .  



_I____. - ___ . - .. . ,. .. ...... ..... - . . . . , , . .. . , , 
. .  . .  . , .  ,. . . . . . .__. , I . - .  - - 

Industrial Area and Bufer Zone Sampling and Analysis Plan Modification I -  Appendh D 

AA 
CDPHE 
CRA 
DOE 
EAASP 
ECOPC 
EPA 
ESL 
EU 
LOAEL 
NOAEL 
PMJM 
tESL 
UCL 
USFWS 

ACRONYMS 
accelerated action 
Colorado Department of Public Health and Environment 
comprehensive risk assessment 
Department of Energy 
ecological accelerated action screening procedure 
ecological contaminants of potential concern 
U.S. Environmental Protection Agency 
ecological screening level 
exposure unit 
lowest observable adverse effect level 
no observable adverse effect level 
Preble’s Meadow Jumping Mouse 
threshold ecological screening level 
upper confidence limit 
U.S. Fish and Wildlife Service 

- ... . 

C 

, . . . .  

. .  
. .  . . .  . .  

.:. . 
. .  

. . .  . .  

. .  



Industrial Area and Bufer Zone Sampling and Analysis Plan Mod@cation I -  Appendix D 

Ecological Accelerated Action Screening Procedure 

Goal of the Ecological Accelerated Action Screening Procedure (EAASP): To identify areas 
of the site that may require accelerated actions to reduce risks to ecological receptors. 

The Ecological Accelerated Action Screening Process was developed by Kaiser-Hill and the 
Department of Energy (DOE) in consultation with the U.S. Environmental Protection 
Agency (EPA), the Colorado Department of Public Health and the Environment (CDPHE), 
and the U.S. Fish and Wildlife Service (USFWS) to identifl areas that may require 
accelerated actions ( U s )  to reduce risks to ecological receptors. The process, based on the 
ecological risk assessment methodology that is documented-in full in the Comprehensive 
Risk Assessment (CRA) Work Plan and Methodology (DOE 2004), is executed as described 
in the following outline, using all available Site data. . 

I. Identification of ecological contaminants of potential concern (ECOPCs) for the 
EAASP: 

a. Initial screening is identical to the CRA ECOPC identification process. 

i. For small home range receptors other than the Preble's Meadow Jumping 
Mouse (PMJM)': 

0 
1. Compare maximum detected concentrations in each exposure unit (EU) to 

no observable adverse effect level (NOAEL) ecological screening levels 
(ESLs). 

2. If the maximum is above the ESL, then aggregate the data and compare 
the 9 5 ~  upper confidence limit (UCL) of the 90* percentile of the ECOPC 
across the EU to the threshold ESLs (ESL) if available. If the tESL is not 
available, the NOAEL ESLs will be used in the screening. 

ii. For large home range receptors2: 

1. Compare maximum detected concentrations in each EU and Site wide to 
NOAEL ESLs. 

2. If the maximum is above the ESL, then a gregate the data, both Site wide 
and within each EU, and compare the 95 UCL of the mean of the' 
ECOPC to the tESL (where available) or the NOAEL ESL. 

P 
, 

I iii. For PMJM receptors: 

1. Maximum detected concentrations in each EU that fall within the 
proposed PMJM habitat will be compared to NOAEL ESLs. 

b. Chemicals identified as ECOPCs will be discussed in an AA Risk 
Characterization. 

11. AA Risk Characterization: 

' Receptors include the deer mouse, black tailed prairie dog, kestrel, and morning dove. 
* Receptors include the coyote and the mule deer. 

0 

2 
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l 

I b. Non-PMJM receptor-specific: 
I 

i. Evaluate using qrange of lowest observable adverse effect level (LOAEL) 

ii. Present predictions of potential EU and Site wide risk for current conditions. 

TRVs. 

c. PMJM-specific evaluations: 

0 
i. Evaluated on a location by location basis and using the tiered geospatial 

approach by habitat patch. 
ii. Present predictions potential risk . .  to the PMJM under current conditions. 

III. AA consultative process: 
a. The results of the AA ECOPC identifications and risk characterization will be 

provided to the regulatory agencies for review and comment. 
b. Cooperative discussions will be held to identifj. areas of the site that may require 

a. The AA risk characterization will be conducted in a manner that is directly 
comparable to the CRA Risk Characterization3, using the most up-to-date 
database available. The following steps will be taken for all receptors. 

i. The AA risk characterization will address only current conditions, using all 
available Site-wide data. 

ii. Risk calculations will be forward-based dose calculations with comparisons to 
NOAEL and threshold toxicity reference values. 

iii. The AA risk characterization will present a range of potential risks from 
ECOPCs that have concentrations above the ESL values, using a variety of 
applicable and defensible exposure modifying factors. 

1. Tiered geospatial statistical approach; 

2. Bioavailability; 

0 

3. Site-specific tissue concentrations (where applicable); 

4. Diet variability; and 

5. Other applicable exposure modifying factors. 

A A S .  

c. Decisions will be documented in a Contact Record. 

d. If an AA is deemed necessary, the action will be taken and documented under an 
apptopriate decision docunient and the results of the confirmation sampling will 
be included inthe CRA 

e. If no AA is deemed necessary and no M e r  samples are collected, the results of 
the AA risk characterization will be documented in the CRA. 

IV. The CRA will present residual risk estimates for all areas of the Site. 

DOE, 2004, Comprehensive Risk Assessment Work Plan and Methodoiogy 
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a. All areas with no ecologically-based AAs.  

- b. All areas that have had ecologically-based AAs 
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A L '  
ALF 
ASTM 
BZ 
CAS No. 
COC 
EPA 
IA 

ACRONYMS 

action level 
Action Levels and Standards Framework for Surface Water, Ground Water, and Soils 
American Society for Testing and Materials 
Buffer Zone 
Chemical Abstract Society Number 
contaminant of concern 
U.S. Environmental Protection Agency 
Industrial Area 

IABZSAP Industrial Area and Buffer Zone Sampling and Analysis Plan 
IHSS 
MDL 
m a g  
Clag  
mm 
MS 
NA 
Nv 
PAC 
PCB 
P W  
PCOC 
QC 
RFCA 
WETS 
RL 
S 
S2 
SW 
SVOG 
TIC 
TCA 
U 
UBC 
UWQ4 
UWQS 

voc 
WRW 
XRF 

Individual Hazardous Substance Site 
method detection limit 1 

milligrams per kilogram 
microgram per kilogram 
millimeter 
matrix spike 
not applicable 
no value 
potential area of concern 
polychlorinated biphenyl 
picocuries per gram 
potential contaminant of concern 
quality control 
Rocky Flats Cleanup Agreement 
Rocky Flats Environmental Technology Site 
reporting limit 
standkd deviation 
variance 
Sampling and Analysis Plan 
semivolatile organic compound 
tentatively identified compound 
trichloroethane 
undetected 
under building contamination 
usable with qualification, result no longer representative, source area remediated 
usable with qualification, QC data; do not use for statistics or contaminant 
characterization 
volatile organic compound 
Wildlife Refuge Worker 
x-ray fluorescence 
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1.0 ANALYTICAL METHODS 
Analytical methods, method detection limits (MDLs), and contaminants of concern 
(COCs) for the Industrial Area (IA) and Buffer Zone (SZ) Sampling and Analysis Plan 
(SAP) (IABZSAP) are shown in Tables El through E15. The tables present the 
minimum number of required analytes within each respective suite, as well as the 
required sensitivity for each analyte. Sensitivities are expressed as MDLs, and are 
specific to the measurement systems used for samples. A comparison of the MDLs to the 
Rocky Flats Cleanup Agreement (RFCA) action levels (ALs)  is also provided. 

Actual upper and lower control limits will be evaluated on a laboratory-by-laboratory 
,basis. All MDLs will be less than or equal to RFCA ALs, where possible. The MDLs 
listed in the following tables represent values generally attainable by commercial 
laboratories and field mobile laboratories. The laboratory MDLs will be established using 
the following three steps: 

1. Seven Replicates 
Prepare (extract, digest, and So forth) and analyze seven samples of a matrix spike (MS) 
(American Society for Testing and Materials [ASTM] Type I1 water for aqueous 
methods, Ottawa sand for soil methods, and glass beads of 1 -millimeter [mm] diameter or 
smaller for metals) containing the analyte of interest at a concentration three to five times 
the estimated MDL. 

2. Variance and Standard Deviation 

Determine the variance (S2) for each analyte as follows: 

- , .... . . . . . . ,  . .  . .  . . . . . . . . . _.. . . . 
where xi= the ith mekurement of the variable x,',&d. . .  x = the average value of x. 

. .  . Determine-X &.follows: . . .  

. .  i 

Determine the standard deviation (s) for each analyte as follows: . 

. .  s = ( 9 ) ' P  

. .  

. 1  
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3. MDL 

Determine the MDL for each analyte as follows: 

_ .  

. .  

MDL = 3.14(s) 

(Note: 3.14 is the one-sided t-statistic at the 99 percent confidence level appropriate for 
determining the MDL using seven samples.) 

There are no MDLs greater than the existing RFCA Wildlife Refuge Worker (WRW) 
A L S .  

Table El presents the analytical procedures for the IABZSAP. Tables E2 through E8 
present the MDLs for various analytes. 

/ 

Table E l  
Analytical Procedures 

(water and soil) 

(PCBs) (water and soil) 
SW8082 Polychlorinated biphenyls 

SW8260B Volatile organic compounds 

3550B 
3510C, 3520C, 3540C, 3541 

3585,5O2l75030B, 5031,5032,5035 
I (VOCs) (water and soil) I 

SW827OC I Semivolatile organic I 3510C, 3520C, 3540C, 3541,3545, I 
compounds (SVOCs) (water 3550B 
and soil) 

SW6010B Trace metals by ICP-MS 3005A, 3010A, 3O15,3050By 3051, 

131 1 
9010B 
NA 
SM4500 
NA ' 

SW6200 - XRF 
SW7471A Mercury (soil) 
SW9010B Cyanide 
SW9056 Common anions 
SM4500 Common anions 
Kaiser-Hill Module RCOl (alpha 
spec); Gamma Spectroscopy RC03- 
A. 1' isotopes) 
In situb I I 

Containerid samples for field-laboratory analysis 
In situ measurements; see Appendix G for measurement specifications 

(water and soil) 

Radionuclides (RFCA 
standard suite of five 

' 

NA not applicable 

. .  

:_ . ' 

. .  
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Antimony 
Arsenic 
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3.E+00 2.28E+05 
4E+O 4.09E+02 
6E+0 1 2.22E+b 1 

. 

Barium 
Beryllium 
Cadmium 

. .  

2.E+01 2.64Ei-04 
2.E-01 9 2  1 E+02 
1 .E-0 1 9.62E+02 

Table E2 
Method Detection Limits for Metals in Soil 

Lithium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 

2.E+01 2.04E+04 
3.E+00 3.48EM3 
2.E-01 2.52E04 

- 8E+00 5.1 1E+03 
5.Ei-00 2.04E4-04 
3.Ei-00 5.1 1E+03 

. .  Iron I 1 . E N  
Lead 4.E-O I I 1.OOE+03 . 

. . . .  . 

Vanadium 

, . . .  . . . .  . .  . . . ,  . .. . .  

. .  . .  
. .  . .  

i 
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Table E3 
Method Detection Limits for Volatile Organic Compounds in Soil 
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0 Table E4 
Method Detection Limits for Semivolatile Organic Compounds in Soil 

. .  . .  
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I 

Table E5 
Method Detection Limits for Pesticides in Soil 

. - .  . 

. .  

... . 

. .  

Table E6 
Method Detection Limits for PCBs in Soil 

. . .  

. .  . . . .  : .  
. . . .  



__ . . . . .. . . . ._ __ - - -. 
.. 

----...*--. L -I_._,I._^____.. _ _ _  _____ _i_-.- ~ .. -- 
. . .  . .  , . .  , 

. .  

. .  

. .  ’ 
. .  

Industrial Area and Bt@r Zone SampIing and Analysis Plan Modfication I -Appendix E 

Plutonium-239/240 

Urani~m-233/234 

Uranium-235 

Uranium-238 

b 

0.3 5.00Ei-0 I/ 
1.16Ei-02 

Estimated 1 .o 3.00Ei-02 

0.5 1 .o S.OOEi-00 

5.0b 1 .o 3.51Ei-02 

Sa 

Table E7 
Minimum Detectable Limits for Radionuclides in Soil 

Table E8 
Method Detection Limits for Other Methods and Analytes in Soil 

2.0 CONTAMINANTS DISQUALIFIED FROM FURTHER 

The contaminants disqualified from h e r  sampling and analysis in the h and BZ are 
based on the (data) filter criteria listed below. All data related to these contaminants were 
passed through the “Data Quality Filter”, as referenced in Section 3.1 of the IABZSAP. 

The data comparisons described below were performed for two separate subsets of data, 
specifically the two matrix types of interest: surface soil and subsurface soil. 

CONSIDERATION 

2.1 DETECTION LIMITlBACKGROUND COMPARISON 

Results are disqualified from further consideration based on the following Data Quality 
Filter criteria: 

1. The analyte was not detected (specifically, the result was flagged with laboratory 
qualifier “U”), not remediated after detection (“UWQ4”), or was not a laboratory 
quality control (QC) sample (“UWQS”); 

2. The analyte does not exceed published background values (Appendix F) plus two 
standard deviations; 

3. The analyte exists as a tentatively identified compound (TIC) only; 

7 
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4. The analyte was rejected through the formal data validation process (“R”); 

5. The analyte did not have a published RFCA AL (RFCA Attachment 5 )  (DOE et al. 
2003); or 

6. For preaccelerated action data, Rocky Flats Envirdnmental Technology Site (RFETS) 
Laboratory Contract GR04 Reporting Limits (RLs) will be used instead of MDLs 
because these data were collected over a period of 10 years under the requirements of 
several different types of contracts. Comparison to GR03 RLs will provide a 
consistent and conservative method for determining PCOCs. GR03 RLs are listed in 
Tables E9 through El  5. 

PCOCs will be re-evaluated on an Individual Hazardous Substance Site (IHSS), Potential 
Area of Concern (PAC), or Under Building Contamination (UBC) site basis during the 
IAEIZSAP Addendum development process to ensure that potential contaminants are not 
overlooked during sampling and analysis. 

Disqualified analytes are listed in Table El  6. 

. .  . . .  . . . . . . .  . . .  . . .  . . .  . .  . .  . . . . . . . . . .  . .  . .  
. . . . .  . .  . .  . .  

. . .  . .  . . - .  . .  
. .  

. .  

. .  

. .  
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Table E9 
Reporting Limits for Metals in Soil 

NV novalue 

. .  

. .  

, . .  . . .  
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Table E10 
Reporting Limits for Volatile Organic Compounds in Soil 

I 

. .  

10 
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. .  . .  . .  

.. 
. .  
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Table E l l  
Reporting Limits for Semivolatile Organic Compounds in Soil 

.. . 

. i  
. .  
. .. 

.. . 

. .  

. . .  

. . .  

. .  
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0 ,  

Americium-24 1 
Plutonium-239/240 

Uranium-233.D34 
Uranium-235 
Uranium-238 

. .  : 

(pCi/g) (pCi/fJ) 
0.3 7.60Ei-O 1 
0.3 5.00E+01/ 

1.16E+02 
1 .O 3.00E+02 
1 .o 8.00E+00 
1 .o 3.51E+02 
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Table E12 
Reporting Limits for Pesticides in Soil 

.. . . . .  . : .. , .  

_ .  .. . . .. . 

. .  

Table E13 
Reporting Limits for PCBs in Soil 

Table E14 
Reporting Limits for Radionuclides in Soil . 

. ._ 

12 
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Table E15 
Reporting Limits for Other Analytes in Soil 

2.2 COMPARISON WITH RFCA ACTION LEVELS 
If a RFCA AL is not published for the analyte of interest (RFCA Attachment 5),  the 
analyte is disqualified from further consideration as a potential contaminant, consistent 
with the RFCA Action Levels and Standards Framework for Surface Water, Ground 
Water, and Soils (ALF) (DOE et al. 2003) 

Those analytes exceeding detection limits, but without associated RFCA ALs, will be 
addressed on an IHSS-by-IHSS basis. 

Table E16 
Disqualified Analytes 

13 
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BSCP 
DOE 
g/cm3 
IDL 
mgflrg 
n 
NC 
nd 

WETS 
U 
UTL 

PCik 

o ACRONYMS 

Background Soils Characterization Plan 
U.S. Department of Energy 
grams per cubic centimeter . 
instrument detection limit 
milligrams per kilogram 
number of samples 
not calculated 
non-detec t 
picocuries per gram 
Rocky Flats Environmental Technology 
undetected 
upper tolerance limit 

. . . .  

Site' 

c .  . . .  

37 .. 
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. .  

Background levels for inorganic and radionuclide potential contaminants of concern in 
soil at the Industrial Area and Buffer Zone are listed in Tables F1, F2, F3, F4, and F5. 

Table F1 
Summary Statistics and Background Values for Metals (mgkg) and Naturally- 

Occurring Radionuclides (pCi/g) in Surface Soil 

ALUMINUM 
ANTIMONY' 

ARSENIC 
BARIUM 

BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM' 

CHROMIUM 
COBALT 
COPPER 

IRON 
LEAD 

LITHIUM 
MAGNESIUM 
MANGANESE 

MERCURY 
MOLYBDENUM' 

NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER' 
SODIUM 

STRONTIUM 
THALLIUM' 

TIN' 
VANADIUM 

ZINC 

Normal 
NA 

Normal 
Normal 
Normal 

Non-parametric 
Normal 

NA 
Normal 
Normal 

Non-parametric 
Normal 
Normal 

Lognormal 
Lognormal 

Normal 
Lognormal 

NA 
Normal 
Normal 

Nonparametric 
Normal 
NA 

Lognormal 
Lognormal 

NA 
NA 

Normal 
Normal 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
14 
20 
20 
20 

0 

0 
0 
0 
39 
0 

100 
0 

0 
0 
0 
0 
0 
0 
65 
91 
0 
0 
39 
0 

100 
0 
0 

100 
91 
0 
0 

ss 

0. 

. .  

n - 4  

4050 
.19u 
2.3 
45.7 
0.24 

.295U 
1450 
6.05U 

5.5 
3.4 
5.2 

7390 
8.6 
4.8 

1310 
129 
.W.U 
.29U 
3.8 

1110 
.29U 
934 
.19u 
43.8 
9.6 

.385U 
1.35u 
10.8 
21.1 

17100 
0.47 
9.6- 
134 
0.9 
2.3 

4550 
7u 
16.9 
11.2 
15.85 
18100 
53.3 
11.6 
2800 
357 
0.12 
0.9u 
14 

2830 
1.4 

1650 
.22u 
105 
45.2 
.445u 
2 3  
45.8 
75.9 

10244 
NC 
6.09 
102.4 
0.66 
0.714 
2969 
NC 

1 1.29 
7.29 

12549 
33.6 
7.69 

1913.1 
237.3 
0.072 
NC 
9.63 

2061.2 
0.634 
1383.5 

NC 
62.16 
28.44 
NC 

.. NC . 
27.85 
49:56 

12.94 

L.L I 717 ' . '3.26 

3329 16902 
NC 0.47 
2 10.09 

19.43 141.26 
0.153 0.966 
0.449 1.612 
749 4467 
NC 7 
2.85 16.99 
1.81 10.91 
2.56 18.06 
2744 18037 
10.51 54.62 
1.93 11.55 

468.1 2849.3 
63.89 365.08 
0.031 0.134 
NC 0.9 
2.64 14.91 
453 2967.2 

0.295 . 1.224 
179 1741.5 
NC .22 

14.84 91 .a4 
10.25 48.94 
NC .445 
NC 2.9 
8.87 45.59 
12.1 73.76 

URANIUM Total 1.36 5.98 

RADIUM226 Lognormal 20 0 0.1 0.805 0.619 0.153 0.925 
kADIUM-228 Normal 20 0 0.2 2.3 1.35 0.48 2.31 

URANIUM-233,-234 Lognormal 20 0 0.6 3.1 1.097 0.578 2.253 
URANIUM235 Lognormal 20 0 0.033 0.11 0.0539 0.02 0.0939 

PCib Pcus Pcug 

URANIUM-238 Lognormal 20 0 0.74 2.6 1.09 0.455 2 

' Background mean plus two standard deviations is equal to maximum value 
UA = not applicable because > 80% of data were nondeteds 
16 Nondeteds (nds) are calculated 
blin and Max values: hghesfflowest detected value or, if no detected values, 1/2 IDL (notated with V) 
DL = instrument detection limit 
Jranium-238 had 2 outlien removed for calculation of upper tolerance limit (UTL); outliers retained for summary statistics 
Uormal' : Distribution assumed to be normal for summary statistics of supporting data 
UC = Not calculated 

3OE, 1995. Geochemical Characterization of Background Surface Soils: Background Soils Characterization Program, Table 
51,  RFETS, May 1995. 

all accepted valid data except equipment rinsates 
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Table F4 
Subsurface Background Soils - Inorganics 

ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 
URANIUM TOT! 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

99 75 
99 89 
99 91 
81 48 
99 86 
95 78 
99 100 
99 30 
99, 91 
99 100 
99 1 00 
99 45 
99 64 
99 100 
86 34 
99 14 
96 91 
98 29 
82 26 
83 41 
99 9 
99 43 
75 3 
92 23 
99 98 
98 96 
99 100 

12.752.03 
4.71 
3.88 
96.46 
4.78 
0.82 

6,951.09 
230.46 
19.61 
7.5 

12.57 
14,531.98 

10.87 
11.76 

2,584.42 
217.64 
0.24 
8.93 
20.73 

1.31 1.57 
1.22 
5.62 
300.66 
65.62 
0.52 
61.75 
31.49 
36.86 
1.46 

11.310.57 
6.13 
4.63 
96.46 
4.71 
0.44 

16.21 5.59 
273.51 
24.33 

- 10.77 
12.82 

13,257.27 
7.05 
11.45 

3,365.51 
341.96 
0.64 
8.34 
20.74 

2.442.62 
1.79 
9.46 

475.29 
72.88 
0.66 

11 2.28 
28.50 
51.12 
0.79 

35373.1 7 
16.97 
13.14 

289.38 
14.2 
1.7 

39382.27 
777.48 
68.27 
29.04 
38.21 

41046.52 
24.97 
34.66 

931 5.44 
901.56 

1.52 
25.61 
62.21 

6196.81 
4.8 

24.54 
1251.24 
21 1.38 

1.84 
286.31 
88.49 
139.1 
3.04 

DOE, 1993, Backgrvund Geochemical report, Table P i g ,  RFETS, September, 1993 I 
Table F5 

Subsurface Background Soils - Radionuclides 

CESIUM137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM239,240 
RADIUM-226 
RADIUM-228 

TRITIUM 
STRONTIUM-89,90 

URANIUM-244,234 
URANIUM-235 
URANIUM-238 
DOE. 1993. Backorouni 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

UPPER 
UPPER 

d Geochemi 

v 

28 
99 
99 
99 
99 
83 
83 
99 
99 
99 
99 

. 99 
EiiiZ 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

able D1 

0.01 
24.91 
24.72 
0.00 
0.75 
1.40 
0.03 

141.72 
0.78 
0.02 

0.04 
9.28 
6.06 
0.01 
0.23 
0.32 
0.36 

j26.75 
0.93 
0.05 

0.09 
43.47 
36i84 
0.02 
1.21 
2.04 
0.75 

395.22 
2.64 
0.12 

0.73 0.38 I 1.49 I pc ig 
RFETS. September. 
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0 
%D 
%R 
%RSD 
AL 
ANSI 
AR 
ASD 
ASQC 
BZ 
CAS 
CERCLA 
CFR 
COC 
CRA 
CRDL 
DER 
DMP 
DOE 

DRC 
. .  EDD 

: EPA 
. .  

ER 
GC 

GIs . . ' , 

. .  . H&S. . . . .  

HASP 
IA 
IABZSAP 
ICP 
.IDL 

.. .IMP 
IWCP 
K-H 
LCS 
LIBS 

. .  : . , ., 'GCMS';. 
. . .  . .  

. .  GPS 

M&TE 

MDA 
0 MARSSIM 

ACRONYM LIST 

percent difference 
percent recovery 
relative standard deviation 
action level 
American National Standards Institute 
Administrative Record 
Analytical Services Division 
American Society of Quality Control 
Buffer Zone 
Chemical Abstract Service 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
contaminant of concern 
Comprehensive Risk Assessment 
Contract Required Detection Limit 
duplicate error ratio 
Decision Management Plan 
U.S. Department of Energy 
Data Quality Assessment 
data quality objective 
Data Review Checklist 
electronic data deliverable 
U.S. Environmental Protection Agency 
Environmental Restoration 
gas chromatography 
gas chmatography/mass spectrometry 
Geographic Momation System 
global positioning system 
Health and Safety 
Health and Safety Plan 
Industrial Area 
Industrial Area and Buffer Zone Sampling and Analysis Plan 
inductively coupled plasma 
Instrument Detection Limit 
Integrated Monitoring Plan 
Integrated Work Control Package 
Kaiser Hill Company, LLC 
Laboratory control sample 
laser-induced breakdown spectroscopy 
measurement and test equipment 
Multi-Agency Radiation Survey and Site Investigation Manual 
minimum detectable activity 
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0 

0 

0 

MDL 
MS 
MSD 
MST 
PARCC 
PATS 
PCB 
PE 
QA 
QAPP 
QC 
RDL 
RFCA 
RFEDS 
RFETS 
RPD 
RSP 
RWP 
SAP 
SDP 
SOP 
sow 
STD 
SWD 
TBD 
TCLP 
TIC 
TPU 
TSR 
UWQl 
UWQ2 
UWQ3 
UWQ4 
UWQ5 
V&V 
XRF 

method detection limit 
matrix spike 
matrix spike duplicate 
National Institute of Standards Technology 
precision, accuracy, representativeness, completeness, and comparability 
plant action tracking system 
polychlorinated biphenyl 
performance evaluation 
quality assurance 
Quality Assurance Project Plan 
quality control 
required detection limit 
Rocky Flats Cleanup Agreement 
Roeky Flats Environmental Database System 
Rocky Flats Environmental Technology Site 
relative percent difference 
Radiological Safety Practices 
Radiological Work Permit 
Sampling and Analysis Plan 
standard data package 
standard operating procedure 
Statement of Work 
standard 
SoiVWater Database 
to be decided 
Toxicity Characteristic Leaching Procedure 
tentatively identified compound 
to& propagated uncertainty 
Training, Scheduling, and Records 
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usable with qualification, unable to associate with validated Laboratory batch 
usable with qualification, potential low bias may exist per validation qualifier 
usable with qualification, samples taken without controlling documents 
usable with qualification, source material has been remediated 
usable with qualification, QC data 
verification and validation 
x-ray fluorescence 
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1.0 QUALITY ASSURANCE CRITERIA 
Quality assurance (QA) criteria presented in this Quality Assurance Project Plan (QAPjP) are 
consistent with quality requirements as defined by both the U.S. Department of Energy (DOE) 
(Order 414.1A, QuuZity Assurance) and the U.S. Environmental Protection Agency (EPA) 
(QA/R-5, EPA Requirements for Quality Assurance Project Plans for Environmental Data 
Operations, 1997a). Table G 1 provides a “crosswalk” between these requirements, illustrating 
the overlap between them. The application and implementation of these criteria into items and 
services will be consistent with the graded approach. 

The graded approach is a “process of basing the level of application of managerial controls 
applied to an item or work according to the intended use of the results and the degree of 
confidence needed in the quality of the results” (E-4, ANSVASQC, 1994). The graded approach 
is also a function of safety (risk) and security required to accomplish program objectives (1 0 
Code of Federal Regulations [CFRJ 830.3). In practical terms, the graded approach requires 
selective application of QA requirements and control to items and services commensurde with 
their impact on risks posed to workers, the public, and the environment. EPA states that 
“Environmental data operations encompass diverse and complex activities, and they represent 
efforts pertaining to rulemaking, compliance with regulations, and research. Consequently, any 
plan that is developed to represent how QNquality control (QC) should be applied to 
environmental activities must contain considerable flexibility.. .” (EPA 1994a). The content and 
level of detail in this QAPjP is tailored to the nature of the work and associated risk with the 
Industrial Area (IA) and Buffer Zone (SZ) Project. 

Hazardous and radiological risks to project personnel are addressed in the project’s Health and 
Safety Plan (HASP). 10 CFR 830.120 QA does not apply to activities controlled by the IABZ 
Sampling and Analysis Plan (SAP) (IABZSAP),  unless inventories of materials, under direct 
control of the project, become nuclear facilities as defined in DOE Standard 1027-92. 

* 

References cited in this appendix are provided in Section 5.0, References, whereas Rocky Flats 
Environmental Technology Site (RFETS) internal documents are referen& throughout this 
QApjP by control numbers maintained at RFETS by Kaiser-Hill Company, L.L.C. (K-H). 
QA will also be consistent with the following guidance and regulatory documents: 

0 ANSVASQC E4-1994, American National Standard, Specifications and Guidelines for 
Quality Systems for Environmental Data Collection and Environmental Technology 
Programs; 
DOE Order 414.1, Quality Assurance; 
DOE Order 5400.1, General Environmental Protection Program; 

0 

0 

EPA, 1994% Guidance for the Data Quality Objectives Process; QNG-4; 

1 
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0 EPA, 1994b, USEPA Contract Laboratory Program National Function Guidelines for 
Inorganic Data Review; 
EPA, 1997b, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM), 
NUREG-1 575, EPA 402-R-97-0 16, December; 

EPA, 1998, Guidance for the Data Quality Assessment Process: Practical Methods for Data 
Analysis; QNG-9; and 

0 

8 0 

0 EPA, 1999, Guidance on Environmental Data Verification and Validation, QNG-8. 
~ 

2.0 MANAGEMENT 

.: . 

2.1 PROGRAM 

The IA and BZ quality program implements requirements set forth in Order 4 14.1 A, which is 
"flowed-down" through the WETS-specific quality documents of K-H (K-H-QAPD-001, 
Quality Assurance Program Description). 

The documents listed in Section 1 .O and the QNQC Implementation Matrix (Table G2) provide . 
a general perspective of the documents establishing the engineering and administrative controls 
in place for the IA and BZ Project. Specific document and record control numbers may be 
obtained through review of the IA and BZ Project Files, K-H Records Center, or K-H Document 
Control. 

2.2 PERSONNEL TRAINING AND QUALIFICATION 

Personnel will be qualified to perform their respective tasks based on a combination of 
education, training, and experience. Education and professional experience will constitute the 
primary means of qualification for activities that emphasize management and problem-solving 
strategies, Training will be the primary means of qualiiication where: 

0 Consistency and team coordination constitutes a major component of the overall quality (or 
safety) of the process or item; and 
The process is well established, proven, and perfunctory. 0 

In addition, a project-specific QA briefing will be given during the pre-evolution briefing before 
project start-up in the field. New personnel will also receive a QA briefing prior to their 
participation on the project. The QA briefing will cover the requirements stated in this QAPjP 
and will be documented via an attendance roster. 

' 

. _. . 0 .  . .  , . . 
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Table 6 2  
QA/QC Implementation Matrix for the IABZSAP 

Program 

Quality Improvement 

Controlling Documents 

Records 

Performance Work Processes 

. . .  . 
Design 

Procurement 
Inspection and Acceptance Testing 

Assessments Management 
Independent 

K-H Team Qualig Assumncv Program 
IAlBZ QAPjP (this s t i o n  ofthe IABZSAP) 
Sop Work Action (1-V10-ADM-15.02) 
HASP 
K-H Human Resources (Pesonnd Files) 
Subconeador (various) Human Resoumes ( P a o ~ d  Files) 
Readings Review (verities pasonnel training) 
Statements ofwork (Sows~ContraCts (for subcontradon) 
Plant Action Tracking Systen (PATS) 
Corrective Actions Process (3x3 lCAP401) 
K-H Assessment Reports (Independent &Management) 
Document Control Program M m d  (h4U4-063-Dc) 
Site DWJII~JZU Requirements Manual (MN-001 SDRM) 
Recordr Management Guiahci for Record Sources ( 1V4 1 -RM40 I ) 
Comprehensive EnvinvMcnral Ruponrr. SmpCMIion and liability Act (am) 
Adndn&trotfve RecordProgrom (lF18-ER-ARP.001) 
s o w s  
Various maps (ap. kom GWSmutSampling appliations) 
K-H QA Assessment Reports 
AnalyticaYradiodmniseydata padrage ind. electronicdata ddimables (EDDs) 
lAlBz Final RepoMechnical Memorands 
Health and safety(HBts) Quality Records, pe HASP 
Radiological Q u a l i t y h r d s ,  ind. routinemonitoring 
Administrati* Record (AR) ' 
Daily Shill Reports 
Field Logbooks (amtrolled) 
ER Gis Database (ARWNFO; land suneys/GF'S) 
Control of Processes (IcZO-QAP-09.01) 
Industrial Area and Bu@r %ne Sompling s L A ~ I p i s  Plan (v\BzsAp) 

Integrated Mrk Conrrol Mmul m47 1 4WCP) 
Integrated Work Control Padcages (IWCPs) - TBD 
@FED Radiological Cbntrol Manual (Wdcan Manual) 

Radiologiidsojely Pmct'cu (Ish) 
Site Design Gmtrol~(IWS6coEM-AMN-IOI) 
~ c t o g q p e r o r o n r ~ ~ ~ P )  
Subcontrador sestanents otWodc (ind Gamma Spec) 

Gamma Spectroscopy 
Kaisa-Hill Ad$ical Senices 
Field Laboratory- Organics 

WETS Integrated Monitoring Pian ovlp) 
Radiological Work Permits (RWPs) 
Standard Opaating ProQdures (SOPS) 
WCPs (listed above) 
Industrial Area and Buffer Zone Sampling &Analpis Plan (IABZSAP) 
lABzsAP Addenda 
Data h4anaeanent Plans UBD) - .~ 
Procurement W i t y  Assurance Requimnents (PlO-572-PQR-001) 
Calibratiodmainttnm records for M&E 
Identification and (bnhol ofltems t I A6743AP.08.01) Insmction and Accentance 2st 

Y " .  
Site Integrated Oversight M u a l  (MAN-013SIOM) 

. .  . . .  
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Fundamental education and experience are captured by transcripts and resumes, which are 
maintained by K-H Human Resources or K-H subcontractors, as applicable. Site-specific and 
project-specific training records are managed within the IA and BZ Project Files and the K-H 
Training, Scheduling, and Records (TSR) database. Qualification requirements and records may 
also be maintained through the project manager, individual staff; procurement (within contractual 
agreements), and/or the centralized training group within K-H. 

2.3 QUALITY IMPROVEMENT 
Quality improvement will be realized through use of a systematic means of identifying, tracking, 
and correcting problems (deficiencies, nonconformances, issues, etc.). Problems may be 
identified by any project personnel, at any time, through formal documentation of issues as stated 
in 3-X3 1 -CAP-00 1, Corrective Actions Process. Management and independent assessments will 
also be used to identifjl, track, and correct issues (see subsections below). The extent of causdi 
analysis and corrective action will be commensurate with the significance (potential risk) of the 
failure or problem. “Lessons learned” will be communicated to staff by management where 
appropriate. 

2.4 DOCUMENTS AND RECORDS 
Work-controlling documents, such a~ work plans (including IWCPs, SOPS, HASPS, etc.), will be 
controlled, where “control” is constituted by the following criteria: 

The documents are uniquely identified for reference purposes. 
The required reviews and approvals are accomplished. 
The personnel who need the documents to perform work use the latest approved versions of 
the document(s). 

The document control process is described in MAN-063-DC-06.01 , Document Control Program 
Manual, and MAN-00 1 -SDRM, Site Document Requirements Manual. Essential policies, plans, 
procedures, decisions, data, and transactions of the project will be documented to an appropriate 
level of detail, The objective will be to maximize the utility of records and data for 
accomplishment of performance objectives while minimizing the cost of information 
management and paperwork for the project (K-H) and its subcontractors. The documents 
controlling this project are summarized in Table G2. 

All documents that constitute contractual deliverables to DOE, such as work plans or final 
reports, will undergo a minimum of three reviews to ensure that minimum quality requirements 
are met: 

QAreview. 
The project manager may assign other technical reviewers, as applicable, to cover the technical 
disciplines represented within the document. 

- 

Management review (level of management higher than originating author[s]); 
TechnicaUpeer review (subject matter experts as determined by management); and 

. .  . 
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Quality records, including digital data stored on computerized media, will be managed to ensure 
that information is retained, retrievable, and legible. Active records will be maintained by 
project personnel, including K-H subcontractors, in an organized and retrievable fashion, until 
such time that the records have served their purpose and become inactive. Quality records are 
considered active until the final peer reviews are conducted and are not subject to the 30-day 
limit on turnover to the Records Center until final peer reviews are conducted. Peer reviews of 
records must be conducted on records completed by the originator within 2 weeks of completion. 
Records at the job site will be stored and protected in standard filing cabinets, consistent with 
1 -V4 1 -RM-00 1, Records Management Guidance for Records Sources, and ultimately with 
1 -F 1 8-ER-ARP.00 1, Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) Administrative Record Program. Quality records managed by subcontractors will be 
consistent with K-H requirements. 

Quality records resulting fiom direct measurements or technical sampling activities will be 
authenticated by the originator and subsequently authenticated by a peer reviewer (“QC 
checked”). For data uploaded to computer from the quality records described above, final data 
entry (as portrayed on hardcopy output or electronic file) must be reviewed by someone other 
than the data entry person. Errors and changes on completed quality records will be maintained 
as follows: 

Hardcopy - By striking through the original entry with a line, and incorporation of the correct 
data and authentication adjacent to the strikeout; and 
Electronic files - By incorporating configuratiodchange control in each applicable 
document, where all changes and additions (e.g., QC checks) are dated with electronic 
signatures. 

K-H Analytical Services Division (ASD) is responsible for archiving all original hardcopy 
records produced by offsite laboratories. The K-H SoiVWater Database (SWD) will archive the 
complete EDDs provided by the laboratories via K-H ASD. The IA and BZ Project will manage, 
in real time, all data critical for decision making in the field, and will be responsible €or ‘ 

summarizing the data into usable formats for reporting purposes. Reporting purposes include 
primarily, decisions relative to contaminant characterization, remediation, and compehensive 
risk assessment. A data ff ow/data management diagram will be appended to the IABZSAP prior 
to fieldwork. 

0 

3.0 PERFORMANCE 

3.1 WORK PROCESSES 

3.1.1 Workforce 
Management will hire and maintain a workforce capable of performing the project objectives as 
set forth in the IABZSAP. Establishment and maintenance of the workforce for this project will 
be within budgetary constraints as defined by K-H. 
Individual workers are responsible for the quality of their work. Management will provide the 
workforce with the tools, materials, and resources (including training) necessary for successful 
accomplishment of their assigned tasks. Performance criteria for personnel are established and 

0 
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clearly communicated to project personnel through the SAP, associated procedures, and 
briefings, including “pre-evolution” meetings, readiness reviews, and daily “ t00 l -b~~”  meetings. 

3.1.2 Sample Collection 
Controlling Documents 
All sampling events will be controlled through documented procedures. These procedures, 
specific to the type of sampling implemented, are referenced throughout the IABZSAP, within 
the context of sampling discussions, as applicable. Quality controls required for all chemical and 
radiological services will be M e r  specified in contractual requirements with the applicable 
vendors (i.e., within SOWS, in progress). 

A combination of sampling strategies is planned for the IA and BZ. Both statistical @PA 1994% 
QNG-4, and EPA 1998, QNG-9) and geostatistical methods will be adopted. Use of these two 
general approaches is consistent with use of the EPA data quality objective (DQO) process, 
which determines the types, quality, and quantity of data needed for environmental 
decisionmaking, while optimizing time and cost considerations. ’ 

’ 

QC Requirements 
QC checks of both field sampling and laboratory sample analyses will be used to assess and 
document data quality and to identify discrepancies in the measurement process that need 
correction. QC samples such as equipment decontamination rinsates, field duplicates, and 
performance evaluation (PE) samples will be collected and analyzed. 

QC samples will be employed to assess various data quality parameters such as 
representativeness of the environmental samples, the precision of sample collection and handling 
procedures, the thoroughness of the field equipment decontamination procedures, and the 
accuracy of laboratory analysis. To evaluate bias and contamination from field collection 
procedures, blanks will be prepared from distilled or dionized water. In addition, all sample 
containers, preservation methods, and holding times will be in accordance with Site SOPS. The 
quantities and types of control samples for each data collection activity are presented and 
described below. 

In addition to the control samples identified below, the analytical laboratories will use a series of 
QC samples as identified in the laboratory quality control plan and specified in the standard 
analytical methods and laboratory standard operating procedures. These types of samples are 
method blank, laboratory control standard, matrix spike, and laboratory duplicate. 

The folIowing sections describe field QC samples that will be collected. 

Equipment Blanks 
Equipment blanks (equipment decontamination rinsates) will be used to assess the adequacy of 
practices to prevent cross-contamination between sampling locations and samples. Rinsate 
samples will be collected at a frequency of one rinsate for every 20 environmental samples and 
only for sampling equipment used repetitively to collect environmental samples. Rinsate samples 
will be collected and analyzed for the same parameters as the samples, Rinsate water will be 
collected following the final decontamination rinse of sampling equipment and then dispensed 
into sample containers. The equipment decontamination rinsates will be handled and analyzed in 
the same manner as all environmental samples. 

7 
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f 

Field Duplicates and Verifwation Samples 
A field duplicate sample is a split of a homogenized sample. Homogenization is performed in a 
stainless steel mixing bowl. For VOC analysis, the field duplicate is a second sample collected at 
the same location/depth as the original sample, and is collected immediately after the parent 
sample. Field duplicates will be collected at selected locations at a frequency of 1 in 20 sample 
locations to provide estimates of the precision of the sample collection process. If the selected 
field duplicate location is a borehole, a field duplicate sample will be prepared for all sampling 
intervals. Field duplicates are sent to the onsite laboratory for analysis. 

A verification sample is collected as described for field duplicates. Sample locations are 
designated for collection of verification split samples prior to the beginning of a sampling event. 
The verification samples will be analyzed by an independent offsite laboratory to assess the 
accuracy of the on-site laboratory. 

Field Blanks 
Field blanks will be used to indicate the presence of external contaminants that may h v e  been 
introduced into the VOC samples during collection. Field blanks will be analyzed only for 
VOCs. Because these blanks may also become contaminated during transport, trip blanks, as 
discussed below, will also be used. Field blanks will be prepared on site during the sampling 
event by pouring solvent-grade water into randomly selected sample containers. At least one field 
blapk sample will be analyzed for each group of samples that will be analyzed for VOCs. 
Appropriate sample containers will be filled to yield an appropriate sample volume for VOC 
analysis. The field blanks will be handled and analyzed in the same manner as all environmental 
samples. 

Trip Blanks 
Trip blanks will be used to assess contamination introduced into the sample containers by VOC 
diffusion during sample storage and transport. One trip blank will be included in each shipping 
container containing samples scheduled for analysis of VOCs. Trip blanks will be prepared at the 
onsite laboratory using solvent-grade water, transported to the sampling site with the other 
sample containers, and then returned to the onkite laboratory for analysis along with the samples 
collected during the sampling event. The trip blanks will remain unopened throughout the 
transportation and storage processes and will be analyzed in the same manner as all 
environmental samples. 

Performance Evaluation Samples 
PE samples will be used to assess the accuracy of the specified analytical methods. These 
samples will be prepared by an independent laboratory or supplier with known composition and 
submitted to the analytical laboratory as unknown samples. The PE samples will be analyzed in 
the same manner as all environmental samples. PE samples will be analyzed at a frequency of 
one per year for all analyses for which PE samples are commercially available. DOE-provided 
PE samples will be analyzed semi-annually or as provided. PE sample acceptance criteria will be 
specified by the PE sample supplier or manufacturer. 

3.1.3 Radiological Surveys 
Radiological surveys and monitoring will be routinely performed, primarily for purposes of 
ensuring contamination control and general H&S purposes. All surveys for removable and fixed 

8 
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contamination, as well as monitoring for airborne contamination, will be performed and reported 
consistent with WETS RSPs. Those RSPs planned for implementation in the IA Project are 
listed and controlled on the WETS intranet. 

3.1.4 Radiochemistry 
Gamma spectroscopy is the primary means by which the type and quantity of radionuclides will 
be determined. In general, gamma spectroscopy will be used in lieu of alpha spectroscopy, 
because gamma spectroscopy provides data of comparable quality and sensitivity. Limited alpha 
spectroscopy analyses may be performed for verificatiodvalidation of the gamma spectroscopy 
methods, consistent with the fielding of this technology in other major projects at WETS (e.g., 
Trench-1 and 903 Pad). Alpha spectrometry methods are defined in the following controlling 
documents: 

0 

0 

Gamma spectroscopy methods for the project may be used in at least two configurations: in-situ 
and field laboratories. In situ methods are measurements acquired in the field for two- 
dimensional measurements (areal), or three-dimensional measurements with limited thickness. 
field laboratory methods will eount containerized samples with distinct 3D configurations. An 
initial draft of QC specifications for the in situ techniques is given in Attachment G1. Field 
laboratory specifications are addressed in K-H Module RC11, Determination of Radionuclides by 
Gamma Spectrometry. These controls will be contractually required of the gamma spectroscopy 
vendor. The attachment will be revised before requests for proposals are released to vendors. 

K-H Module RCO 1, Isotopic Determinations by Alpha Spectrometry; and 
K-H Module GRO4, General Laboratory Requirements. 

3.1.5 Analytical Chemistry 
Analytical chemistry generally consists of two types: organic and inorganic, both of which are 
addressed separately with respect to QC. 

Summarized below are variances to the referenced protocols, which allow for mobile methods 
that will be faster and less expensive than traditional methods, while concurrently providing 

. ,- sufficient quality in the data for making project decisions (including risk assessment). More 
specific variances will be provided in the final SOW for the vendor ultimately providing 
analytical services. Generally, the variances reside in the following areas: 

Abbreviated analytical suites, based on IA and BZ contaminants of concern (COCs) only; 
0 

0 

0 

Organic chemical analysis will be accomplished through use of a mobile gas chromatography 
(GC) or gas chromatography/mass spectrometry (GC/MS),’  preceded by the appropriate 
extractioddigestion method. Preparation and analytical methods will consist of S W-846 
methodology, and will generally be consistent with existing K-H ASD contractual requirements, 
as referenced below: 

Generalized accuracy specifications, especially percent recoveries; 
Sensitivity specifications, as detailed below; and 
Reporting requirements for abbreviated data packages, with emphasis on EDD specifications 
designed for use in the field. 

9 



\ 

Industrial Area and Bufm Zone Sampling and Anabsb Plan Modification I - Appendix G 

0 K-H Module SSOl, Volatile Organics; 

e 

K-H Module SS02, Semivolatile Organics; and 
K-H Module SS03, Polychlorinated Biphenyls (PCBs)/Pesticides. 

Inorganic chemistry, primarily metals, will be accomplished through use of both field and 
laboratory methods. Field methods will implement EPA Method 6200, Field Portable XRF 
Spectrometry, and manufhcturer’s instructions for a LIBS system. The required analytical suites, 
sensitivities, and general QC requirements are given in Appendix E of the IABZSAP. 

The minimum quality requirements specific to use of field/portable metals analysis are 
summarized below: 

SOPs - The manufacturer’s operating instructions will be used. Any deviations or 
modifications to the instructions provided with the instrumentation will be documented and 
dispositioned by both the manufacturer/vendor and the project. Use of SOPs will also 
include full-range calibrations, periodic pezformance checks, and maintenance of equipment. 

Sample Preparationhieasurements - Bulk samples will be composited and homogenized for 
the purpose of optimizing sample precision. A procedure for sample preparation to 
homogenize samples before analysis will be produced and controlled as a prerequisite to 
field analysis, consistent with EPA guidance @PA 1995). Specific sampling geometries 
may also be considered, such as compositing samples about a point via a symmetrical, 

* 

-: 1. 

2. 

triangular pattern. 

3.2 DESIGN 
0 

Sound engineeringlscientific principles and appropriate technical standards will be incorporated 
into designs to ensure that they perform as intended, including use of the WETS Conduct of 
Engineering ManuaI. 

Final designs, as documents, quality records, or computerized data, will undergo validation 
through peer review. Peer reviews will be commensurate with the scale, cost, specialty, and 
hazards of the item or activity in question. Management approval, in addition to peer and quality 
reviews of designs, will be obtained prior to prockement, manufacture, construction, or field 
implementation. Peer and quality reviews are corroborated through authentication of the design 
reviews. 

3.2.1 Data Quality Objectives 
DQOs are addressed, in detail, in IABZSAP Section 3.0. 

3.2.2 Computerized Sysfems (SoftwareIHardware) 
Design control of computerized systems will be commensurate with the hazards associated with 
the process for which the computer system controls. Systems controlling critical H&S processes 
will be verified and validated as prescribed in either the HASP or the RSPs, and must simulate 
working conditions prior to usage in real settings. Such systems will also be tested periodically 
to ensure functionality as defined in the WETS Radiation Control Manual or the HASP. 

Computerized systems used for data reduction and analysis will be controlled to: 
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0 

0 

Ensure traceability of changes made to original data; and 

Allow independent peer reviewers to relate inputs to outputs. 
Computerized systems used for measurements will be calibrated via “system calibrations” (i.e., 
while integrated with all relevant softwarelhardware configurations, as they are to be operated 
during routine use). Management of digital data through computerized systems is described in 
the IABZSAP, Section 6.0. 

Figures G1 through G5 illustrate the minimum quality criteria required of the data prior to its use 
in the IA and BZ Projects. Tables G3 through G7 provide fixher database filter criteria, 
illustrated on the flowcharts, relative to qualification of data required for characterization andor 
risk assessment. Duplicate records fiom legacy data (i.e., historical analytical data digitally 

- archived within the WETS S W D  were removed fiom the IA data set to improve efficiency and 
integrity. Criteria for defining duplicate records were as follows: 

0 Location code; s f -  

0 Sample collection date; 
0 Testmethod; 
0 Laboratory analysis date; 
0 

0 Result type code; 
0 Result; and 

Chemical Abstract Service (CAS) number; 

0 Dilution factor. 
The ,ER Decision Management Plan (DMP) documents specifications, maintenance, and quality 

, requirements for data produced, archived, and reported for the project. These data will be 
produced fiom variou’ activities under control of the project, including characterization, 

.. . . .  . ,: . .  .. . . . .  . . .  remediation, and risk assessment, . .  

. . . .  
. .  . . . . . .  . 

. .  
. .  . .  . 

. .  . . . .  ,. . 
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\ Figure GQ 
Data Quality Filter for the Ondustrial Area and Buffer Zone Sampling 
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Figure 6 3  
Ondustrial Area Data Quality Filter - Surface Soil 
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Figure G4 
Buf6er Zone Data Quality Filter - Subsurface Soil 
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Figure G5 
Buffer Zone Data Quality Filter - Surface Soil 
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Table 6 3  
Validation Oualifier Codes 

NA This validation qualifier code was not used in the.data quality filter. 

14 

. .  

c .  

. . . . .  ~ 

. .  

. .  

. .. 



I 

I 

10 

101 

102 

I03 

104 

105 

c 0 0 
-'3 Industr&l Area and Bufir Zone Sampling and Analysis Plan Modification I - Appendix G 

Holding times were exceeded 

Laboratory Control Spike (LCS) recovery &riteria were not met 

Holding times were exceeded (ahributed to laboratory problem) 

Holding times were grossly exceeded (attributed to labomtory 

Calibration correlation coefficient does not meet requirement 

Calibration verification recovery criteria were not met 

Low-level check sample recovery criteria were not met 

Fig 1 ,  Diamond 4, Figs 2 & 3, Diamonds 5 8 6, 
uwQ2 
Fig 1 ,  Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 
uwQ2 
Fig 1 ,  Diamond 4, Figs 2 & 3, Diamonds 5 & 6, 
uwQ2 
Fig 1, Diamond 4, Figs 2 & 3, Diamonds 5 8 6, 

Fig 1 ,  Diamond 4, Figs 2 & 3, Diamonds 5 8 6, 
uwQ2 
Fig 1 ,  Diamond 4, Figs 2 8 3, Diamonds 5 81 6, 
UWQ2 
NA 

problem) uwQ2 

Table 6 4  
Data Quality Filter Validation Reason Codes 

\ 

NA 
QC deficiency results in possible underestimation of I06 Calibration did not contain minimum number of STDS Fig 1 ,  Diamond 4, Figs 2 8 3, Diamonds 5 & 6, 

UWQ2 analyte concentratlon 

Fig I, Diamond 4, Figs 2 & 3, Diamonds 5 & 6, 
uwQ2 analyte concentration 
Fig 1 ,  Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 
uwQ2 analyte concytration 
Fig I, Diamond 4, Figs 2 & 3, Diamonds 5 & 6, 
uwQ2 analyte concentration 

Fig 1 ,  Diamond 4, Figs 2 & 3, Diamonds 5 8 6, 
W Q 2  analyte concentration 

Flg 1, Diamond 4, Figs 2 & 3, Diamonds 5 8 6, 
UWQ2 analyte concentration 
Fig 1 ,  Diamond 4, Figs 2 & 3, Diamonds 5 & 6, 
uwQ2 analyte concentration 
Fig 1 ,  Diamond 4, Figs 2 & 3, Diamonds 5 & 6, 
uwQ2 analyte concentratipn 

107 Analyte detected but < RDL in calibration blank verification NA NA 
109 

1 1  

110 

Interference indicated in the ICs 

Duplicate sample precision criteria were not met 

LCS recovery criteria were not met 

QC deficiency results in possible underestimation of 

QC deficiency results in possible underestimation of 

QC deficiency results in possible underestimation of 

1 1 1  Laboratory duplicate sample precisionfrbria were not met NA NA 
112 

113 Predigestion MS recovery is ~30% NA NA 
114 

117 

12 

Predigestion matrix spike (MS) criteria were not met (+/- 25%) QC deficiency results in possible underestimation of 

Postdigestion MS criteria were not met 

Serial dilution percent criteria not met 

Predigestion MS criteria were not met (+I- 25%) 

QC deficiency results in possible underestimation of 

QC deficiency results in possible underestimation of 

QC deficiency results in possible underestimation of 

128 Improper aliquot size NA NA 
129 Veritication criteria for frequency or sequence were not met NA NA 

. .  
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168 
17 

175 

18 

19 

QC sample frequency does not meet requirements NA NA 
Serial dilution criteria were not met 

Blank data not submitted NA NA 
Documentation was not provided NA NA 

Fig I ,  Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 
UWQ2 analyte concentration 

QC deficiency results in possible underestimation of 

Calibration verification criteria not met Fig I ,  Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 
UWQ2 anaMe concentration 

QC deficiency results in possible underestimation of 

I99 

2 

. .  

See hardcopy for further explanation NA NA 
Holding times were grossly exceeded Fig I ,  Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 

UWQ2 anaMe concentration 
QC deficiency results in possible underestimation of 

16 
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.. 
703 Samples were not preserved properly in the field (not attrib) Fig 1, Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 

UWQ2 analyte concentration 

Fig 1, Diamond 4, Figs 2 & 3, Diamonds 5 8 6, 
UWQ2 analyte concentration 
Fig 1, Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 
UWQ2 analyte concentration 

QC deficiency results in possible underestimation of 

71 Unit conversion of results fl NA NA 
72 

74 

Calibration counting statistics were not met 

LCS data were not submitted 

QC deficiency results in possible underestimation of 

QC deficiency results in possible underestimation of 

.75 Blank data was not submitted NA NA 
76 instrument gain and/or efficiency not submitted NA NA 

78 MDAs were calculated'by reviewer ' ' NA NA 
79 Result obtained through dilution NA NA 

I 

77 Detector efficiency criteria were not met Fig 1, Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 
UWQ2 analyte ancentration 

QC deficiency results in possible underestimation of 

I I 
Holding Umes were grossly exceeded (not attributed to 
Laboratowl UWQ2 analyte concentration 

I -  

702 Fig 1, Diamond 4, Figs 2 8 3, Diamonds 5 8 6, QC deficiency results in possible Underestimation of 

Negative bias was indicated in the blanks 4 
UWQ2 analyte concentration 

Fig 1, Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 
UWQ2 analyte concentration 

80 Spurious counts of unknown origin * N A  NA 

802 Missing deliverables (not required for data assessment) NA tu 
a03 Omisslons or errors on SDP deliverables (required for data A NA NA 
804 Omissions or errors on SDP deliverables (not required for da ' NA NA 
a05 Information missing from narrative NA NA- 
806 Site samples were not used for sample matrix QC NA NA 
a07 Original documentation was not provided NA NA 
aoa incorrect or incomplete Data Review Checklist (DRC) NA NA 
a i  

a i  o EDD does not match hardcopy, may be resubmitted NA . N A  
82 Sample results were not corrected for decay NA NA 
83 . Sample results were not included on data sum. Table NA NA 
84 Key Relds wrong NA NA 
a5 Record added by validation .NA NA 

aoi Missing deliverables (required for data assessment) QC deficiency results in possible underestimation of 

Repeat count outside of 3 sigma counting error Fig 1, Diamond 4, Figs 2 8 3, Diamonds 5 8 6, 
UWQ2 analyte concentration 

QC deficiency results in possible underestimation of 
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0 .  

NA This validation reasbn code was not used in the data quality filter. 

r 
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Table G5 
Result Type Codes 

, 

8 3, Diamond 8, UWQS 
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LC2 

LC3 

LC4 

LC5 

LC6 

LC7 

aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused wl "real" results when data are 
aggregated for characterization, risk assessment, or statistics. 
QC results tTIUSt not be confused wl "real" results when data are 
aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused wl "real" results when data are 
aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused wl "real" results when data are 
aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused w/"real" results when data are 
aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused wl "real" results when data are 

Laboratory control sample - 2nd 

Laboratory control sample - 3rd try 

Laboratory control sample - 4th try 

Laboratory control sample - 5th try 

Laboratory control sample - 6th try 

Laboratory control sample - 7th try 

Figures 2 & 3, Diamond 8, UWQ5 

Figures 2 & 3, Diamond 8, UWQ5 

Figures 2 & 3, Diamond 8, UWQ5 

Figures 2 8 3, Diamond 8, UWQ5 

Figures 2 & 3, Diamond 8, UWQ5 

Figures 2 8 3, Diamond 8, UWQ5 

'. 

I \ I -  laggregated for characterization, risk assessment, or statistics. 
LC8 ILaboratory control sample - 8th try IFigures 2 8 3, Diamond 8, UWQ5 lQC results must not be confused wl "real" results when data are 

LD6 

LD7 

aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused wl"real" results when data are 
aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused wl "real" results when data are 
aggregated for characterization, risk assessment, or statistics. 

6th Laboratory duplicate 

7th Laboratory duplicate 

Figures 2 8 3, Diamond 8, UWQ5 

Figures 2 B 3, Diamond 8, UWQ5 
.' , 

1 

LD8 8th Laboratory duplicate 

23 
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MSI 

MS2 

aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused wl "real" results when data are 
aggregated for characterization, risk assessment, or statistics. 
QC results must not be confused w/ "real" results when data are 

Matrix spike - 1 st try 

Matrix spike - 2nd try 

Figures 2 & 3, Diamond 8, UWQS 

Figures 2 & 3 ,  Diamond 8, UWQS 
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NA This result type code was not used in the data qualify filter. 
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Table G6 
Validation Reason Codes 

/ ’  
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188 Blank corrected results 

201 
205 
206 

~ 199 See hardcopy for further explanation 
Preservation requirements were not met by the Laboratory 
Unobtainable omissions or errors on SDP deliverables (required for data assessment) 
Analvses were not reauested accordine to SOW 

Industrial Area and Buffer Zone Sampling and Analysis Plan Modification I - Appendix G 

~ 201 
2 1 1 
2 12 
2 13 
214 
2 15 

Sample pretreatment or sample preparation method is incorrect 
Poor cleanup recovery 
Instrument detection limit was not provided 
Instrument detection limit is greater than the associated RDL 
IDL is older than 3 months fiom date of analysis 
Blank results were not reported to the IDWMDL 

7 

-- 

q.33 

Sample prep for soil, sludge, or sediments have not been homogenized or aliquotted properly 
No micro ppt. or electroplating data available 
Tracer requirements were not met 
Standard values were not calculated correctly (LCS, tracer or standards) 
'Standard or tracer is not National Institute of Standards Technology (NIST) traceable 
IEnergy calibration criteria was not met 
Background calibration criteria was not met 
Sample or control analytes not chemically separated fiom each other 
iSingle combined TCLP result was not repeated for sample with both miscible and nonmiscible liquids 
Result aualified due to blank contamination 

Reason 

250 
25 1 
252 

Incorrect analysis sequence 
Mis-identified target compounds 
Result is suspect due to level of dilution 

.r 
224 

229 
230 
23 1 
232 
233 
234 
235 
236 
237 
23 8 
239 
240 
24 1 
242 
243 
244 
245 
246 
247 
248 
249 

Post digestion spike recoveries were outside of 85 -1 15% criteria 
Post digestion spike recoveries were less than 10% 
Sample COC was not verifiable (attributed to laboratory) 
Shdards  have expired or are not valid 
Toxicity Characteristic Leaching Procedure (TCLP) sample percent solids are less than 0.5% 
TCLP particle size was not performed 
Incomplete TCLP extraction data 
Insufficient TCLP extraction time 
Tentatively identified compound (TIC) misidentification 
No documentation reeardine deviations fiom methods or SOW 

'29 
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Qualifier 
V 
J 
n3 
U 
NJ 
UJ 
R 

\ 
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Description 
No problems with the data were observed at the indicated review level. 
The associated value is an estimated quantity. 
Result was qualified due to blank contamination for results below the RDL. 
The associated value is considered undetected at an elevated level of detection. 
The associated value is presumptively estimated. 
The associated value is considered estimated at an elevated level of detection. 
The dab are unusable. (Note: Analyte may or may not be present.) 

Reason 
code 
70 1 
702 
703 
704 
80 1 
802 
803. 
804 
805 
806 
807 
808 
809 

Reason Description. 

IHolding times were exceeded (not attributed to laboratory) 
Holding times were grossly exceeded (not attributed to laboratory) 
Samples were not preserved properly in the field (not attributed to laboratory) 
Sample chain-of-custody (COC) witS not verifiable (not attributed to laboratory) 
iMissing deliverables (reauired for data assessment) 

- 1  
~ -~ 

IMissine deliverables ( not reauired for data Assessment) 
lomissions or errors on SDP deliverables (required for data assessment) 
Omissions or errors on SDP deliverables (not required for data assessment) 
Information missing fiom narrative 
Site samples not used for sample matrix QC 
Original documentation not provided 
'Incorrect or incomdete DRC 
INon-Site samdes reDorted with Site samples I 

r- ______ 1 -  I 

i. 

I 
I COMMENTS 

131 IAdded 8/10/99 per TechLaw request 
I '252 IAdded 11/3/00 Der letter 01EAB003 I 

Veripcation and Validation 
Data collected during ER characterization and remediation sampling will be verified and - 
validated in accordance with QA requirements. Verification will consist of ensuring that data 
received fiom the vendor(s) are complete and correctly formatted. Validation will consist of a 
systematic comparison of QC requirements with QC results reported by the vendor (e.g., relative 
to LCS, MS, MSD, blanks). The V&V module (process) will establish ultimate usability of the 
data by determining, reporting, and archiving the following criteria relative to each measurement 
set or batch: 

30 
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, 0 0 Precision; 
Accuracy; 

0 Bias; 
0 Sensitivity; and, 
0 Completeness. r 

Representative portions of hardcopy data Will be formally validated. Formal validation is 
currently performed on a Sitewide basis at approximately 25 percent fiequency of all WETS 
subcontracted laboratories managed by K-H ASD. Satisfactory validation at this frequency 
indicates that the subcontracted laboratories are operating competently on an industry-wide basis. 
More specifically, analytical procedures are implemented under adequate quality controls. 
Sitewide data validation coupled with annual laboratory audits also provides the inference that all 
analytical and radiochemical results that are not specifically validated are under adequate control 
as well. 

PARCC Parameters 
Data will be evaluated relative to the precision, accuracy, representativeness, completeness, and 
comparability (PARCC) parameters as described in the following subsections. Data aggregation 
and statistical tests are described in the appropriate sections throughout the IABZSAP. 

Precision 
Precision is a measure of the reproducibility of results, and is measured through the following 

0 Laboratory replicates (radionuclides); 
MSD;and 

0 Field duplicates. 
Through use of these samples, precision is evaluated from two perspectives: 

1. Analytical standpoint (reproducibility within the laboratory that reflects analytical precision 
inherent to the method); and 

sample types: 

< 

I 2. Overall project standpoint, which combines both analytical precision and reproducibility of 
the field sampling method specific to the matrix type. 

Precision may be expressed quantitatively by at least two functions. The most typical measure 
for nonradiological analyses is the relative percent difference (RPD) term, whereas, because of 
the stochastic nature of radioactivity, a statistical measure is better suited for evaluating 
radiological reproducibility - the duplicate error ratio (DER). 

0 . ., 
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0 

0 

0 

Chemical 

* 100 CI - c2 RPD = 
(Cl + c*)/ 2 

Where: 
Cl = first sample 
C2 = duplicate sample 

The RPD targets are 35 percent for solids and 20 percent for liquids. If QC results exceed these 
tolerances, the data must be qualified andor additional samples may be required. 

Radiological 

CI - c2 
DER= J ( G z i 5 q  

Where: 
TPU = total propagated uncertainty 

(Note: The counting error, also known as the 2-sigma error, may be used in lieu of the TPU as a 
conservative measure. If precision exceeds the critical value of 1.96, TPU should be used in the 
equation prior to qualifying precision of the measurements in question.) 

The DER must be less than 1.96 as defined in Evaluation of Radiochemical Data Usability 
(Lockheed Martin 1997). If DER values exceed the test statistic, associated data must be 
qualified and additional samples may be necessary. Alternatively, an RPD may also be evaluated 
to put the statistical exceedance in perspective (i.e., the RPD value may be used as a benchdark 
value). Commentary will be provided as to how qualifications in precision affect overall 
uncertainty in the sample results. 

Ongoing precision of the radiological survey instrumentation will be evaluated based on logging 
periodic (daily) source check measurements. Any measurement that exceeds defined tolerance 
limits e20 percent) will result in corrective action (e.g., instrument repair or replacement) before 
measurement of real samples. Further tolerance specifications may be found in the applicable 
RSPs. 

Accuracv 
Accuracy is a measure of how closely a measurement corresponds to a standard reference (or the 
“true”) value. 

Accuracy will be based on the following criteria: 

0 Calibrations, with reference standards, periodic hll-range and 1 -point “performance checks” 
(all equipment); 

0 LCWspikes; 

32 
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0 LaboratoryMS; 
0 Relative standard deviation (%RSD); 
0 

0 Chemical yield (radionuclides); 
0 

0 Sensor efficiency (radionuclides). 
In general, accuracy of instrumentation will be based on annual calibrations of instrumentation 
and daily source checks that perform within specified tolerances (e.g., 520 percent) as specified 
in the RSPs (radionuclides) or manufacturer's specifications (nonradiological field 
instrumentation). Novel or prototypical instrumentation also requires satisfactory passage of 
blind performance evaluation (PE) samples (within 20 percent of standard value), where existing 
validation and verification documentation does not cover the equipment (configuration), 
geometry, or matrix of interest. 

Accuracy relative to a standard reference value is typically evaluated relative to percent recovery 
(%R) or, stated differently, a percent difference (%D), expressed as 

Laboratory blanks (method and equipment); 

Counting time (radionuclides; XRF); and 

* 100 
XI - x2 

XI 
?'OD = 

Where: 
x = observation (concentration or activity) 
n = number of observations 

Bias will also be considered as a component affecting accuracy, as it indicates the tendency of a 
measurement system to be consistently higher or lower than the true value. Bias will be 
discussed relative to its impact on final project decisions. 

, 

Representativeness 
Representativeness will be achieved through use of the IABZSAF', together with the use of 

_ .  

standard field sampling and analytical procedures. All work-controlling documents undergo 
required reviews and approvals to ensure representativeness of the sampling and analysis effort. 
Compliance with controlling documents coupled with implementation of other quality controls 
contributes to corroboration of representative sampling. If the representativeness of any sample 
set is ambiguous, the data will be qualified andor additional samples may be required. 

Completeness 
Completeness is a quantitative measure of data quality expressed as the percentage of valid or 
acceptable data obtained fiom the project relative to each medium and analytical suite of interest. 
The completeness goal for each discrete IA and BZ sampling effort is 90 percent. If 
completeness of any sample set is not achieved, additional data will be required or the data set 
(and decisions) qualified. 
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Completeness will be established based on a comparison (ratio, expressed as a percentage) of 
actual sample results reported versus the number of samples planned. 

The formula for calculating completeness is presented below: 

number of valid results 
number of planned results 

% completeness = 

A summary table, such as the one outlined below, will be used to summarize the data subsets; 
specific analytes will be broken-out as necessary. 

. .  

I Chemical I I I 
Radiochemical 

Radiological 
Survey unit 

ComnarabiliQ 
All results will be comparable with characterization analyses (methods and%media) on a national- 
and DOE Complex-wide basis. This comparability will be based on nationally recognized 
methods (especially EPA-approved methods), systematic quality controls, use of standardized 
units of measure, and thorough documentation of the planning, sampling, and analysis process. 

Smple collection methods and analyses in accordance with the protocols specified in the 
IABZSAP provide comparability with other similar media types and contaminants of concern 
(COCs) across the DOE Complex and the commercial sector. 

Sensitiv& 
All measurements must have adequate sensitivity, or resolution, to confidently compare results 
with action levels (ALs). For chemical constituents, MDLs will be provided based on formal 
MDL studies as stated in Appendix E. For radiochemical constituents, MDLs must also be less 
than half the associated action level. Derivations of radiological MDLs will be provided for all 
measurement equipment used, and will follow guidance provided in 56.7.1 of MARSSIM (EPA 
1997b). 

. .  

3.3 PROCUREMENT 
Quality requirements will be specified in procurement and subcontract documents. All contracts 
(subcontracts) that have the potential to affect quality of IA Project services or deliverables will 
be reviewed for QA requirements to ensure that adequate quality controls are established and 
implemented. Quality control of procurements will be implemented as described in PR0-572- 
PQR-00 1, Procurement Quality Assurance Requirements. 

, 
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3.4 INSPECTION AND ACCEPTANCE TESTING 

Items or activities that require inspections andor acceptance testing will be specified in work- 
controlling documentation (e.g., work plans, SOPS, and data management plans). Acceptance 
criteria and any hold points will be clearly defined, and will be based on manufacturer’s 
specification unless otherwise stated. M&TE will be accepted or rejected based on calibration 
information and pre-established tolerances, including unique identification, traceability, 
accuracy, resolution, measurement ranges, and acceptancdrejection criteria. Materials and 
equipment that affect quality (of items or services) or H&S will be controlled (Le., identified, 
maintained, and traceable) according to their intended purpose. Measurement, monitoring, and 
data collection equipment will be of the accuracy and resolution needed for their intended 
purposes based on calibrations. -Calibrations will be traceable to nationally recognized or 
industry standards. Essential policies, plans, procedures, decisions, data, and transactions of the 
project will be documented to an appropriate level of detail. 

4.0 ASSESSMENTS 

4.1 MANAGEMENT ASSESSMENT 

At least once during the fielding of the project, management will evaluate the organization to 
determine the effectiveness of the QAPjP and overall K-H organization performance. 
Management assessments will be documented in formal reports, and will be implemented in 
accordance 3-W24-MA-002, K-H Management Assessment Program. 

4.2 INDEPENDENT ASSESSMENT 

Independent assessments, in contrast to management assessments, will be performed by 
personnel who are not directly responsible for the work being performed. Independent 
assessments will be performed according to MAN-0 13-SIOM, Site Integrated Oversight Manual. 

5.0 REFERENCES 

10 CFR 830.120, Quality Assurance. 

ANSVASQC 1994, American National Standard InstituteIAmerican Society of Quality Control, 
Specifictiom and Guidelines for Quality Systems for Environmental Data Collection and I 

Environmental Technology Programs, E-4. 

DOE Order 5400.1, General Environmental Protection P r o m .  
i 

DOE, 1997, Rocky Flats Integrated Monitoring Plan, Rocky Flats Environmental Technology 
Site, Golden, Colorado, June. 

DOE, 1999, DOE Order 414.1A, Quality Assurance. 

DOE, EPA, and CDPHE, 2003, Rocky Flats Cleanup Agreement, Modification, June. 

EPA, 1994a, Guidance for the Data Quality Objectives Process, EPA QNG-4. . 0 
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EPA, 1994b, USEPA Contract Laboratory Program National Function Guidelines for Inorganic 
Data Review. 
EPA, 1995, Superfund Innovative Technology Evaluation Program, Final Demonstration Plan for 
the Evaluation of Field Portable X-Ray Fluorescence Technologies, EPA Contract No. 68-CO- 
0047. 

EPA, 1997% EPA Requirements for Quality Assurance Project Plans for Environmental Data 
Operations, QA/R-5. 

EPA, 1997b, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM), 
NUREG-1 575, EPA 402-R-97-016, December. 

- EPA, 1998, Guidance for the Data Quality Assessment Process: Practical Methods for Data 
Analysis; QNG-9. 

EPA, 1999, Guidance on Environmental Data Verification and Validation, QNG-8. 

Lockheed Martin, 1997, Evaluation of Radiochemical Data Usability, ES/ER/MS-5, Lockheed 
Martin Environmental Restoration Program, April. 

Site Documents and Procedures 

K-H, QAPD-001, Quality Assurance Program Description. 

MAN-063-DC-06-0 1, Document Control Program Manual 

MAN-001 -SDRM, Site Document Requirements Manual 

1 -V4 1 -RM-00 1, Records Management Guidance for Records Sources 

K-H Module RCO 1, Isotopic Determinations by Alpha Spectrometry 

K-H Module GRO4, General Laboratory Requirements. 

b, 

, 
0 

K-H Module SS05, Inorganic Metals 
K-H Module RC 1 1, Determination of Radionuclides by Gamma Spectrometry 

K-H Module SSOl , Volatile Organics 

K-H Module SS02 Semivolatile Organics 

K-H Module SS03, PCBPesticides 

PRO-572-PQR-00 1, Procurement Quality Assurance Requirements 

3-W24-MA-002, K-H Management Assessment Program 

MAN-013-SIOM7 Site Integrated Oversight Manual 

1 -PRO-072-001, Inspection and Acceptance Test Program 

MAN-07 1 -IWCP, Integrated Work Control Manual 

RFETS Radiological Control Manual (Radcon Man&) 
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1 -W56-COEM-AMN-101, Site Design Control Manual 

MAN-O66-COOP, Conduct of Operations Manual 

K-H Team Quality Assurance Program 

EPA Method 6200, Field Portable XRF Spectrometry 

WETS Radiation control MLUIUZ~I 
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Table H1 

Table H2 
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AF 
AOC 
AL 
BZ 
COC 
EMC 

hs 
HCB 
IA 
IAI3zsAP 
IHSS 
MARSSIM 

MYAPC 
PAC 
RESRAD 
RFCA 
WETS 
SAP 
UBC 
UCL 
WRW 

Et2 

m a g  

ACRONYM LIST 

area factor 
area of concern 
Action Level 
Buffer Zone 
contaminant of concern 
Elevated Measurement Comparison 
square feet 
hot spot 
hexachlorobenzene 
Industrial Area 
Industrial Area and Buffer Zone Sampling and Analysis Plan 
Individual Hazardous Substance Site 
Multi-Agency Radiation Survey and Site Investigation Manual 
milligrams per kilogram 
Maine Yankee Atomic Power Company 
Potential Area of Concern 
Residual Radioactivity Computer Code 
Rocky Flats Cleanup Agreement 
Rocky Flats Environmental Technology Site 
Sampling and Analysis Plan 
Under Building Contamination 
upper confidence limit 
Wildlife Refuge Worker 

.. .. . . .  
. .. 

. . .. .. L .  . .  . .  , .. . . . .  
. .  
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The Elevated Measurement Comparison (EMC) is discussed in Section 5.3 of the 
Industrial Area (IA) and Buffer Zone (SZ) Sampling and Analysis Plan (SAP) 
(IABZSAP). The EMC (MYAPC 1999) defines significantly high measurements relative 
to the size of a hot spot, magnitude of an action level (AL), and mean of the surrounding 
measurements. The comparison includes an equation that depends on several variables: 
AL, measured value, size of the hot spot, and size of the area of concern (AOC). The 
EMC is applicable to all sample results or hot spots that are above the Rocky Flats 
Cleanup Agreement (RFCA) WRW ALs. In AOCs where all sample results are less than 
ALs, the EMC is not required. 

Because the EMC includes an area-weighting component, results for very small hot spots 
may indicate action is not necessary for very high contaminkt concentrations. To reduce 
this effect, when the concentration of the contaminant at a hot spot is three times the 
WRW AL, action is indicated. The EMC is calculated using Equation H1. 

. 

~ 

1 

Quation H1 - 

If : 2 i=l [ %%Foc]~ + $ [ ( S a m p l e r k  AL * Area, - 95%jJ:AOCj 21 

Area,, 
j 

Then: Action is Indicated 

0 '  Where: 

(95%UCL)Aoc = 95% UCL of the mean concentration in Individual Hazardous Substance Sites (IHSSs), 
Potential Areas of Concern (PACs), Under Building Contamination (UBC) Sites, or IHSS Groups 
AL = WRW AL 
(Sample Resulth = hot spot sample result . ' ' 

(Areah = hot spot site (based on the area smounding the elevated y p l e  result) 

j. = number of hot spots for a p&Cular COC 

. . . . . . .  . .  . . .  . . . . . .  . . . . .  . . . .  . .  - .  @ea)Am=. IHSSGroup.' . :. . .  

. . . .  . . . .  . . . .  ' .  . . .  
. .  . .  . .  . .  . .  

1' 1 , i & n ' ~ ~ r o f C ~ S  . ;. - . . . :  

. .  

The first term (i) of Equation H1 will be applied to each contaminant of concern (COC) 
separately. The first term will be used for all observations less than WRW ALs within 
the AOC. As shown in Equation H1, the first term is defined as the ratio of the 95% 
upper confidence limit (UCL) of the mean to the RFCA WRW AL for the AOC. 
Observations greater than the ALs will be excluded from the 95% UCL calculations 
because this type of censorship will ensure that the data set will comply with normality 
assumptions required for calculating the 95% UCL. 

The second term (i) of the equation will be applied to each sample result that exceeds the 
RFCA WRW AL separately, so that these results can be evaluated as a function of the hot 
spot size relative to the AOC and magnitude of the AL. Because human health risks are 
based on an individual's exposure across an area, the incremental risk due to a small, 
elevated COC sample result (hot spot) needs to be determined. The second term of 
Equation H1 is defined as the difference between the 95% UCL of the mean 

. . .  

I 

. .  
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concentration and the sample result divided by the RFCA WRW AL for the given COC. 
The AL, is area-weighted, which is appropriate because the weighted exposure to 
contamination is Adorn across an area. 

For radionuclides, the equation is shown in Equation H2. An area factor (AF) consistent 
with Multi-Agency, Radiation Survey and Site Investigation Manual (MARSSIM) (1 997) 
guidance is applied to the AL as shown in Equation H2. Radionuclide-specific AFs are 
based on exposure pathway models, which can be estimated from Residual Radioactivity 
Computer Code (RESRAD) simulations. 

. .  Equation H2 

(SampleResult, - 95%UCL, 

i=l (AL * 
Then: Action is Indicated . .  

. , . Where:' ' 

(95%UcL)~m = 95% UCL of the mean concentration in IHSS, PAC, or UBC Site 

(Sample Result), = hot spot sample result 
AF = area factor (for radionuclides) 
i = number of COCs 

. .  . ., _ .  
' AL=WRWAL 

' . j = number of hot spots for a particular COC \ ' . '  

\ I  

Examples 1 , 2, and. 3 use the data listed in Table H1 to illustrate how the equation works 
for.different hot spot sizes and hot spot concentrations. These data were fabricated and 
are not representative of any area at the Rocky Flats Environmental Technology Site I 
(RFETS). . .  

. .  . .  . .  .... : . _ ,  .. 
Table H1 

.'. Hot Spot Equation Analysis . .  . . .  :.. . . .  

. .  . . .  . Single Sample Exceedance of Action Level Pentachlorophenol Soil Data ' . . ., .. . 
. .  

. .  . .  . . . .  ~ 

. .  . 

. . .  

2 
. .  
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I * - ([Sample resultIh - [95%UCL]Aoc)/([AL][Area]Aw/[Area]h) 
** ---Ass&es that only one hot spot is present. 

Hot Spot'Equation 
Total Ratio ** 

1 

Example 1 : 
Assume 1 hot spot, pentachlorophenol concentration equals 5,000 milligrams per 
kilogram (mgkg), the area of the hot spot equals 1 square foot (f?) and the area of 
concern equals 16 ft2. 

15000 hs - 1393.9, ) 

, . (47701'16) 
= .34 

. .  . . _ .  This value is .less- than 1, therefore this. hot spot does.not .need to .be remediated. This . . 

... :value.is low beca%e ofthe fSllowing: ' , 

1) The concentratiodofthe hot spot is closeto the WRW AL. . 

2). The size of the hot spot is small. 

. 

. .  
. . . 

. .  . . .  ' 

Example 2: 
If the size of the hot spot was larger, remediation might be necessary. For this example, 
remediation will occur when the hot spot size equals the AOC size. Remediation of a hot 
spot of the same size as in Example 1 would occur when the concentration of the hot spot 
is 4,781 m a g .  

. .  . .  

r E[ 1393.91 +'[(4,781 ( T77:6* -1393-9,) 16) 
4770.0 , , = I  

0 
= 1  

i .  

3 
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Example 3: 
The EMC calculation indicates that action is not required for this hot spot, however, as '0 
stated in Section 5.3 thataction will be taken at three times the AL. For example, action 
is warranted at this hot spot when the measurement is 2 14,3 10 m a g  (4770 m a g  [AL] I 

1 x 3). 

- 

.. , 

' $[1393.9] 4770.0 + A  j=l 

(15000 hr - 1393.9,, ) 
(4770 * 16) 

= .93 

i 

Example 4: 
For & assumed 36- square feet (f?) hot spot in an 6,000 ft2 Individual Hazardous 
Substance Site (IHSS) with pentachlorophenol, and a hot spot Concentration of 
10,000 ' m a g :  

(1 0000 bs - 1393.9, ) 

(47703Y0) 
= .303 

I 

Example 5: 
Example 5 is being used because the AL is lower than the AL for pentachlorophenol. 
Example 5 is an assumed 36-f? hot spot in a 6,000-f? IHSS with hexachlorobenzene 

- (HCB) as the COC using the data in Table H2. Table H2 is a hot spot analysis for HCB 
in soil assuming a hot spot concentration of 7.5 m a g .  The data listed in Table H2 are 
not based on actual information or data fiom WETS. 

. .  

4 '  



------ .- . . . - -  . .  
. :.. . , . . . . , . . .  

Industrial Area and BuBr Zone Sampling and Ana!~sis Plan Modijication I -Appendix H 

, 
! '  

:. . 

. .' , , : 

: .. . 
. . _  

. .  . 

Table H2 
Hot Spot Equation Analysis 

Single Sample Exceedance of WRW Action Level 
HCB Soil Data 

Results 
Mean Concentration 2.1 
Standard Deviation 1.2 
95% Confidence 0.6 
Interval .. . , . . . _. . .  

95% UCL of Mean 2.72 

~WRW Ratio (Part I - 

.. . 
7 

. .  . . .  . 
. .  . .  . .  ' W R W & ' . .  ' , , a:  :. .2.80' ':, . '. ' _ .  . .  

HotSpotEquation . .  ,. . .  
0.9715 

$95%ucL]Am/AL) 

Hot Spot Equation 

0 

I 

5 

Part 1 +Part2 

Total Ratio * 
Hot Spot Equation 1 

0.98 ' 

0.99 
0.99 
0.99 
'1.00 
1 .oo 
1.01 
1.02 
1.15 
1.19 

. 1.39 
1 S O  

1 
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AL4 
Am 
ANOVA 
BZ 
cm 
DOE 
ER 
FOV 
HPGe 
IA 
IHSS 
ISOCS 
m 
MeV 
NBS 
ou ' 
PAC 

Pu 

RCRA 
RFCA 
RFETS 
RFm 
RPD 
SOP 
U 
UBC 
UCL 

PcUg 

R2 

I 

I . '  

1 : ' 

ACRONYM LIST 

action level 
americium 
Analysis of Variance 
Buffer Zone 
centimeter 
U.S. Department of Energy 
Environmental Restoration 
field of view 
High Purity Germanium 
Industrial Area 
Individual Hazardous Substance Site 
In Situ Object Counting System 
meter 
mega-electron volt 
National Bureau of Standards 
Operable Unit 
Potential Area of Concern 
picocuries per gram 

correlation coefficient 
Resoyrce Conservation and Recovery Act 
Rocky Flats Cleanup Agreement 
Rocky Flats Environmental Technology Site 
RCRA Facility InvestigationRemedial Investigation 
relative percent difference 
Standard Operating Procedure 
uranium 
Under Building Contamination 
upper confidence limit 

plutonium 
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. .  . . 

1.0 LINEAR REGRESSION ANALYSES - CASE HISTORY 

Radionuclide contamination in surface and s u b s ~ a c e  soil will be characterized using gamma 
spectroscopy technology (i.e., High Purity Germanium IHpGe] detectors). The HPGe 
measurements may follow the same procedures and methodologies that were effectively used 
during previous Rocky Flats Environmental Technology Site (RFETS) Environmental 
Restoration (ER) projects, specifically the 903 Drum Storage Area, 903 Lip Area, and 
Americium Zone Characterization (903 Pad Characterization [Kaiser-Hill 20001). The “best fit” 
regression modeling approach used to standardize the HPGe results to alpha spectroscopy results 
during the 903 Pad Characterization will be implemented for the Industrial Area (IA) and Buffer 
Zone (BZ) characterization. A similar regression modeling techique will be used for evaluating 
metals. 

IA and BZ characterization is similzg to the 903 Pad Characterization in that radionuclides in 
surface soil will be analyzed Using an HPGe field method. An in-situ field analytical technique 
was successfully used to characterize the lateral extent of radiological contamination in the 
Americium Zone and a portion of the 903 Lip Area (Kaiser-Hill 2000). In addition, most IA and 
BZ characterization HPGe measurements of soil samples will be performed in a mobile 
laboratory. This appendix provides an overview of the HPGe methodologies used in the 903 Pad 
Characterization. Topics of discussion include (1) sample collection techniques for the alpha 
spectroscopy analyses, which were used to standardize the HPGe results; (2) the physics of the 
HPGe in-situ measurements; (3) the results of the “best fit” linear regression model used to 
standardize the HPGe results; and (4) the application of in-situ HPGe survey methods to IA and 
BZ characterization. 

2.0 OVERVIEW OF THE 903 PAD CHARACTERIZATION FIELD HPGE SURVEY 

2.1 SURFACE SOIL INVESTIGATION 

Deiineation of radiologically contaminated soil in the Americium Zone was performed in situ 
using gamma ray spectroscopy methods and an HPGe instrument. The HPGe instrument was 
used to obtain 1,110 contiguous gamma ray measurements with a circular field of view (FOV) of 
10 meters (m) in diameter within the investigation area. The activities of Americium (Am)-241, 
Plutonium (Pu)-239, Uranium 0 - 2 3 4 ,  U-235, and U-238 in surface soil within the Americium 
Zone and a portion of the 903 Lip Area were measured or estimated in situ using an HPGe 
survey. The HPGe measurements were standardized by correlation with laboratory-derived 
alpha spectroscopy measurements. 

2.1.1 In-Situ HPGe Methodology 

The sensitivity of the HPGe instrument is capable of measuring in-situ activities of Am-241, 
U-235, and U-238. For the 903 Pad Characterization, the HPGe measurement had a FOV of 10 
m in diameter with the detector placed 1 m over the ground surface. The Compendium of In Situ 
Radiological Methods and Applications at Rocky Flats Plant (EG&G 1993) provides a detailed 
discussion on the physics of in-situ measurement of radionuclides in the environment. 

The HPGe survey was primarily performed in the Americium Zone (Figure 11) and includes all 
-surface-soil-with-elevated-activi ties-of-Pu-~~9/~40-and/or-Am-24 1-identified during the Operable 

Unit (OU) 2 Resource Conservation and Recovery Act (RCRA) Facility InvestigatiodRemedial 
1 

. .  . ’ .  
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Investigation (RFI/RI) including: 

The 35 HPGe measurements that exhibited elevated (above 10 picocuries per gram [pCi/g]) 
Am-24 1 activities; 

0 The area directly below the culvert that drains the 903 Pad and Lip Area where sediments are 
deposited during surface runoff events; and 

The five 2.5-acre plots where surface soil exceeds Rocky Flats Cleanup Agreement (RFCA) 
Tier I action levels (ALs). 

0 

The HPGe system used to perform in-situ measurements for theinvestigation employed the 
Canberra In Situ Object Counting System (ISOCS) software. To estimate counting efficiencies, 
this s o h a r e  requires the entry of various parameters that accurately represent the actual field 
conditions at the site. One important parameter is the vertical distribution of radionuclides. In 
the HPGe investigation area, contamination was deposited via airborne and/or surface water 
releases. This resulted in a distribution with high activities near the surface and decreasing 
activities with depth. Surface soil sampling was previously performed in the study area to 
determine the vertical distributions. 

In general, the radionuclides are concentrated in the top 5 centimeters (cm). Based on available 
data, the ISOCS model assumes all contamination is contained in the top 5 cm, and is distributed 
with 66 percent in the top 3 cm and 33 percent in the next 2 cm. This distribution was used to be 
consistent with the surface soil sampling methodologies (RMRS 1998a), which specifies 
sampling surface soil to a depth of 2 inches (5  cm). In addition, the contribution from Am-241 
below a depth of 5 cm in soil is quite small in undisturbed surface soil. It is possible that the 
actual distributions in the top 5 cm may be more concentrated near the surface or more uniformly 
distributed throughout the 5-cm layer. 

A set of standards with different vertical distributions was prepared and the efficiency of 
acquisition was analyzed. As shown in Table 11, the overall error of a likely range of possible 
distributions is approximately +l- 10 %.' 

. 

. . .  Table I1 

l a  ' These 1SOCS modeling parameters used to define the vertical distribution of radionuclides will initially be used for 
in-situ screening duringthe I A  characterization. However, these modeling parameters may be reevaluated as 
additional data are collected and adjusted accordingly to meet the site-specific conditions. For HPGe screening of 

. 

subsurface samples, modeling parameters will be adjusted according to the specifications of the sample container. 
2 
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Figure Irn 

IHPGe Measurement Location Map 

EXPLANATION 
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Dirt roads 
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2.2 VERIFlCATION SAMPLING CORRELATION TECHNIQUE 

To “standardize” the in-situ method, a double sampling technique was employed whereby soil 
samples were collected fiom select HPGe measurement locations (RMRS 1998a). These 
samples were analyzed in the laboratory for Am-241, Pu-239/240, U-233/234, U-235, and U-238 
using alpha spectroscopy, and gamma spectroscopy for Am-241 and U-235. The gamma 
spectroscopy data were collected by the laboratory to simply “validate” the alpha spectroscopy 
results, and the two sets of results show a high degree of correlation as indicated by their linear 
relationship (e.g., correlation coefficient [R2] > 0.90). 

In order to acquire a good duplicate sampling correlation over the anticipated range of Am-24 1 
activities, eight HPGe measurement locations were selected that encompass five Am-241 activity 
intervals; 0-10 pCi/g (three measurements), 10-20 pCi/g, 20-50pWg (two measurements), 50- 
lOOpCi/g, and 100-200 pCi/g. These intervals were selected based on detection frequencies of 
Am-241 activities measured in surface soil samples collected in support of the OU2 Phase I1 
RFYRI (DOE 1995; RMRS 1998a) and to bound the high and low measurements collected in the 
field during the HPGe investigation. 

Multiple HPGe measurements were taken at some of the double sampling locations for quality 
control. These results are provided in Table 12. In these cases, the measurements at each 
duplicate sampling location were averaged to create the HPGe data set used in the correlation. 
Table I2 d,so indicates the HPGe measurements at each duplicate sampling location are 
relatively hiform. 

Table I2 
HPGe Gamma Spectroscopy Measurements - Precision Summary 

./ 
Relative percent difference (RPD) between individual measurements and group mean 

‘group mean 

4 
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Fifteen grab samples were then collected at each duplicate sampling location: 1 grab sample 
from the center, 4 grab samples collected at a 1 -m radius, and 10 grab samples from a 3-m 
radius. Figure I2 provides this surface soil sampling geometry, which was developed by the U.S. 
Department of Energy (DOE) at the Femald Environmental Management Project site in Ohio to 
correlate HPGe results to surface soil results (DOE 1997). The 1-m and 3-m radius grab samples 
were then cornposited into a 1-m and 3-m sample representative of each individual band. 
Therefore, three separate alpha (and gamma) spectroscopy analyses were performed at each 
duplicate sampling location. Samples were collected in this “bulls eye” pattern to mimic the 
averaging done by the field HPGe detector over the instrument’s FOV. The HPGe detector 
receives gamma ray photons from every point within the circle; however, it receives more 
gamma rays from soil closer to the detector than from soil farther from the detector. If the circle 
is divided into concentric bands, the relative weighting factor for each band can be calculated 
based upon the percentage of influence of gamma photons at the detector which originates from 
a given band of soil, assuming a uniform source distribution with depth and a 1 value of energy 
(MeV) photon energy. The relative weighting factor is the relative importance of each band with 
respect to the probability of gamma rays emitted from within that band being detected by the 
HPGe. 

- 
’ 

Figure I2 1 

HPGe 15-Point Surface Soil Sampling Pattern 
I I 

. .  . .. . .  

. .  
. .  

. .  

. .  . 

. .  

. .  

. .  
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Ispoint Sampling Pattern 

Explanation: . .  . . . . .  

Grab Sampling Location 

- . .  

. . .  

. .  
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The sample results were multiplied by the weighting factor per band, then the products were 
summed to determine the activity of the soil in the FOV area. It should be noted that these 
results were adjusted for moisture content in order to report results on a wet weight or “in situ 
mpisture” basis. At every duplicate sampling location, the “real” and “duplicate” data were 
averaged (denoted as “combined”), and the “combined” data were used in the weighted 
averaging process to develop the data for the correlation. 

2.2.1 

The linear regressions (using the method of least squares) between the alpha spectrometry data 
(Am-241 and Pu-239/240) and the HPGe data (Am-241) show very high degrees of correlation 
(Figures I3 and 14). The Correlation coefficients (R2) are greater than or equal to 0.97. The Am- 
241 (alpha spectrometry) to Am-241 (HPGe) correlation has a slope (1.25) near 1 .O and a small 
intercept (4.43 pCi/g) near 0 as would be expected when correlating the activities of the same 
radionuclide (Figure 13). The h-239/240 (alpha spectrometry) to Am-241 (HPGe) correlation 
has a slope of 8.08, which is within the expected range of Pu-239/240 to Am-241 activity ratios 
considering the in-growth of Am-241 in weapons-grade Pu over 30 to 40 years (elapsed time 
since the release). The intercept (3.24 pCi/g) is also small in magnitude (Figure 14). These 
results indicate the regression lines are appropriate models to correlate HPGe data to alpha 
spectroscopy data. 

The Pu-239/240/Am24 1 ratio derived fiom the “best fit” line regression model compares 
favorably to those ratios derived from previous studies. The National Bureau of Standards 
(NBS) collected soil samples from WETS for isotopic analyses, which were eventually used as a 
standard radioactive source reference (NBS 1980). The NBS sampling and analysis of WETS 
soil indicated a Pu-239/240 to Am-241 ratio of 6.42. A second study performed by Ibrahim et al. 
(1 996) included an isotopic inventory (using alpha spectroscopy) of WETS soil to determine the 
activity ratio of Pu-239/240 to Am-241. The regression model between Am-241 and Pu-239/240 
resulted in a strong correlation (R=0.96) between the two radionuclides, and a Pu-2391240 to 
Am-241 activity ratio of 5.29. Based on their findings, Ibrahim et al. (1996) concluded that Pu- 
239/240 values could be inferred fiom gamma spectroscopy results of Am-241. The Pu-239/240 

. to Am-241 ratio (8.08) derived here from the “best fit” line regression model compares favorably 
to the 6.42 and 5.29 ratios derived from the NBS (1980) and lbrahim et al. (1996) studies, 
respectively. It is also conservatively high with respect to Pu-239/240/Am-241 ratios for 
estimating Pu-239/240 activities fiom Am-24 1 activities. 

2.2.2 Alpha Spectroscopy: HPGe U-235 and U-238 Correlations 

I 

Alpha Spectroscopy: HPGe Pu-239/240 and Am-241 Correlations 

0 

As shown in Figures I5 and 16, correlations for the alpha spectroscopy/HPGe data for U-235 and 
U-238 were not performed because in both cases the U isotopes were not detected by in-situ 
HPGe. The plots show minimum detectable activities when the isotopes were nondetect ions. 
Also, alpha spectroscopy did not measure detectable levels of U-235, and only in a few instances 
was U-238 detected at estimated activities. Therefore, U-235 and U-238 results derived from the 
HPGe survey were used directly as the surface soil radiological data for these isotopes (i.e., 
values were not standardized to laboratory alpha spectroscopy measurements). The lack of 
correlation for the U data does not impact the findings reported in the 903 Pad Characterization 
Report (Kaiser-Hill 2000), because the activities for U isotopes are well below the ALs 
throughout the investigation area. 

’ 
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Figure I3 
Linear Regression Am-241 
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Figure I4 
Linear Regression Pu-239/240 
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Figure I5 
Minimum Detectable Activities U-235 
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The activity of U-233/234 was estimated based on the fact that under natural conditions, U-234 
is in equilibrium with U-238 (the contribution of U-233 activity is insignificant). The 
equilibrium between the radioactive parent (U-238) and daughter (U-234) suggests the activity 
ratio between these two isQtopes should be 1 .O: Surface soil data collected in support of the OU 
2 Phase I1 RFI/RI support this relationship with an average activity ratio of 0.97 between the two 
isotopes. Therefore, the activity of U-233/234 in surface soil was assigned the value measured 
by the HPGe survey for U-238. 
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3.0 HPGE METHODS TO BE EMPLOYED DURING CHARACTERIZATION 

The fundamental approach of the HPGe methodology k e d  during the 903 Pad Characterization 
may be incorporated into IA and BZ characterization. This will provide a basis for establishing . 
the setup parameters for the HPGe detector and regression modeling for standardizing the HPGe 
measurements. However, variation in physical conditions and process knowledge (Le., spills and 
releases of hazardous constituents) of specific ,Individual Hazardous Substance Sites (IHSSs), 
Potential Areas of Concern (PACs), and Under Building Contamination (UBC) Sites may 
warrant changes in the in situ HPGe methodology. Despite such changes, the physics and 
fundamental processes of the HPGe measurements will remain the same. The HPGe 
methodology discussed previously in Sections 2.1 and 2.2 will provide the outline for the in situ 
HPGE techniques to be employed during IA and BZ characterization. 

I 

3.1 LINEAR REGRESSION MODELS 

The “best fit” regression modeling approach used to standardize the HPGe Am-241 and Pu- 
239/240 alpha spectroscopy measurements for the 903 Pad Characterization will also be k e d  for 
in situ HPGe characterization. The following equations will initially be used to standardize the 
in situ HPGe measurements: 

\ 

PU - 239/240, = 8.08 *xi +3.24 , (Equation 11) 

Am - 241, = 1.25 *xi M.43 (Equation 12) 

. ,  Where: 

. .  . .  . .  
. .. . . . .  . .  . .  X i  + . Am-24.1 activity.measured by the ‘WGe instrument&on , . . : . .  

Equations I1 and I2 will provide the basis for standardizing the HPGe measurements however 
may be changed as additional data are obtained during characterization (see Section 3.1.1). As 
discussed in Section 2.2.1, the majority of the U-235 and U-238 measurements were 

i nondetectable, which prevented a correlation between HPGe and laboratory alpha spectroscopy 
measurements. Therefore, for lower activities, U-235 and U-238 activities will be obtained by 
direct HPGe measurements. However, activity levels of U-235 and U-238 measured by HPGe 
near or above the ALs may warrant verification sampling (Le., soil sampling) for analysis by 
laboratory alpha spectroscopy. If a linear relationship is observed between the HPGe and 
laboratory U-235 and U-238 activities, then the HPGe results will be standardized using the 
appropriate regression equation. Activities of U-233034 will be based on the HPGe direct 
reading of U-238, given the equilibrium state between the two isotopes @e., 1:l ratio). - 
3.1.1 Verification of “Best Fit” Regression Model 

The “best fit” regression models (Equ&ions I1 and 12) will be verified by routine duplicate 
9 
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a 

0 

sampling events. As discussed in Section 5.1.1, Linear Regression Analysis, observations within 
the range of interest will be obtained to validate the acceptability of the regression model. 
Validity of the observations will be evaluated relativeTto the 95% upper confidence limit (UCL) 
of the “best fit” regression line (Figures I3 and 14). The 95% CL defines the range about the 
sample mean where the true population mean is expected to lie at a 95% level of probability. 
This type of evaluation not only provides quantified boundaries about the “best fit” regression 
line, but also provides a quick visual inspection of the data sets. Observations that fall outside 
the 95% CL indicate a higher degree of variability about the “best fit” regression line (or 
predicted values) and therefore, may warrant a reevaluation of the regression model. The 
acceptability criteria of the regression model(s) will be based on a high degree of correlation (R2 
> 0.90) and statistical comparison between the predicted values-and independent variables using 
an Analysis of Variance (ANOVA) and corresponding F-Test. 

Regression models will need to be developed for subsurface soil samples. Unlike the HPGe 
survey of surficial soil, these samples will be analyzed ex situ. The HPGe instrumentation will 
have to account for such variations as the FOV and physical and chemical properties of the 
sample container. In addition, some IHSS, UBC Sites and PACs may require a site-specific 
regression model that varies slightly from Equations I1 and I2. For example, the presence of 
enriched Am-241 in soil at OU 4 will likely result in a reduction in the Pu-239/240/Am-241 ratio 
of 8.08 (Equation 11). In general, the regression model should be appropriate for the given site 
conceptual model. 

3.2 HPGE SURVEY DESIGN 

In-situ HPGe surveys to be conducted during IA and BZ characterization will follow tbe 
methodology presented in Section 2.1.1. The instrumentation FOV (1 0 m in diameter), detector 
height above the soil (lm), and ISOCS modeling parameters will be consistent with those 
settings used during the 903 Pad Characterization. However, these settingdparameters may be 
altered to account for changes in site conditions and materials being measured (e.g., asphalt is 
denser than natural soil). Ex-situ measurements of subsurface soil Samples will follow standard 
guidelines presented in Determination of Radionuclides by Gamma Spectroscopy, Module 
RCO3-A.1 (RMRS 1998b). 

. .  
.. . . 

. .  

Methods to be employed for the verification sampling and analysis (Le., duplicate sampling) will 
follow the methods presented in Section 2.2. However, some deviations for ex-situ HPGe 
measurements of subsurface soil will be performed. For subsurface soil samples, core samples 
will be homogenized prior to being placed in containers. Final sample preparation will follow 
the guidelines presented in Standard Operating Procedure (SOP) GT.08. It should be noted that 
normal procedure requires that coarse-grained fragments be separated from the finer-grained 
hgments because.Pu and Am have a tendency to absorb to the fine-grained fraction. However, 
sieving out the coarse-grained fiagments may result in a high bias in the HPGe and alpha 
spectroscopy results. Therefore, deviations to \the existing SOPS may be implemented to 
minimize the apparent sample bias. 

. . .  . 
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0 AL action level 

ACRONYM LIST 

AOC 
df 
EMC 
HCB 
HS 
IHSS 

PAC 

Pu 
RFCA 
UBC 
UCL 
WRW 

m a g  

PCik 

Area of Concern 
degrees of freedom 
elevated measurement comparison 
hexachlorobenzene 
hot spot 
Individual Hazardous Substance Site 
milligrams per kilogram 
Potential Area of Concern 
picocuries per gram 

Rocky Flats Cleanup Agreement 
Under Building Contamination 
upper confidence limit 
Wildlife Refuge Worker 

plutonium 
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Example Problem 

This appendix consists of an example problem that illustrates how the Industrial Area and 
Buffer Zone Sampling and Analysis Plan statistical methods will be implemented. The 
locations, buildings, and analytical results that appear in this appendix have been 
fabricated and do not provide data for any part of the Rocky Flats Environmental 
Technology Site. This appendix includes the following: 

Map 1 - Existing sampling locations and analytical data for Individual Hazardous 
Substance Site (IHSS) 1.1. This map is used to determine whether additional data are 
needed to characterize the IHSS. 

Map 2 - A triangular grid superimposed over IHSS 1: 1 using a random start point. This 
map is used to illustrate the 36-foot triangular grid that has been proposed for IHSS, 
Potential Area of Concern (PAC), and Under Building Contamination (UBC) Site 
characterization. 

Map 3 - Additional soil sampling points at the nodes of the grid system 

Map 4 - Analytical results from new sampling points 

Map 5 - Contoured Rocky Flats Cleanup Agreement (RFCA) Action Level exceedances 

Map 6 - Remediation confirmation sampling locations for nonradionuclide analytes - 0 
Map 7 - Remediation confirmation sampling locations for radionuclide analytes . .  . .  

. .  

Table J1 Sum of Ratios and Elevated Measurement Comparison (EMC) for Hot Spots 
. . .  . . . . .  . . .  . . . .  . . . .  . . . . . . . . . .  : .I . . . .  . . . . . . . . .  . .  . .  
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Table J1 
Hot SDot Methodolow SamDle Problem Data 

-- 
s4 41 4. I 
S5 41 2.6 

30 2.1 

‘ I  

h 

2 
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I 
i 
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0 L1 
Pu 305 pCi/g 
HCB 2.2 mg/kg 

0 L2 
Pu 4,687 pCi/g 
HCB 1.4 mg/kg 

0 L3 
Pu 62 pCi/g 
HCB 2.6 mg/kg 

0 L4 
Pu 16 pCi/g 
HCB 98 mg/kg 

0 L5 
Pu 2 pCi/g 
HCB 405 mg/kg 

0 L6 
Pu 107 pCi/g 
HCB 13.4 mg/kg 

0 L7 
Pu 59 pCi/g 
HCB 2.7 mg/kg 

0 L8 
Pu 12 pCi/g 
HCB 1.9 mglkg 

0 L9 
Pu 34 pCi/g 
HCB 2.4 mg/kg 

* This IHSS and building do not exist. Data have been fabricated to provide an example of how the IASAP process will work. 
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* This IHSS and building do not exist. Data have been fabricated to provide an example of how the IASAP process will work. 

Legend: 
-- - Triangular Grid 
0 = Existing Sampling Points 
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Legend: 
- -  - Triangular Grid 
0 = Existing Sampling Points 
A = New Additional Sampling Points 

* This IHSS and building do not exist. Data have been fabricated to provide an example of how the IASAPprocess will work. 
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Grid Spacing = 36 Feet 
Legend: 

- Triangular Grid 
0 = Existing Sampling Points 
A = New Additional Sampling Points . -  

1. This IHSS and 9udchn.g do not exist. Data hawe been fabricated to prowide an example of how the IASAPprocess will work. : . .  



Grid Spacing = 36 Feet I 

- Triangular Grid Map 5 WRW AL ExcsdeuilGes 0 = Existing Sampling Points 

* This IHSS and building do not exist. Dafa have been fabricated to provide an example of how the IASAP process will work. 
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